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ON THE APPENDAGES OF TREMATASPIS. 
W. PATTEN. 


IN a recent paper in the American Naturalist’ on the structure 
of the Tremataspidz, I maintained that the marginal openings 
(so-called gill openings) on the under surface of the head of 
Tremataspis might be interpreted as the points of attachment 
of metamerically arranged appendages. Whether all these 
appendages projected freely from the body like the jointed 
pectorals of Bothriolepis, or presented any one of the innumer- 


able variations in structure and function to which such append- 


ages might be subject, there was no means of determining. If 
one admits the extremely doubtful systematic position of the 
Ostracoderms, there is no satisfactory reason for calling the mar- 
ginal openings of Tremataspis gill openings unless one assumes 
the whole point at issue by asserting that the Tremataspidz 
are true vertebrates. But if the Tremataspidz are provided 
with oar-like appendages, similar in structure and mode of attach- 
ment to those in other members of the Ostracoderms, such as 
Pterichthys and Bothriolepis, then these appendages must have 


1On the Structure and Classification of the Tremataspidie. Vol. xxvii, No. 
425, pp. 386 and 388. 
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been attached to the head, near the anterior end of the series of 
so-called gill openings. The anterior pair of incisions, or open- 
ings (of which I have found at least two additional pairs in front 
of the six pairs described by Rohon) are found on the lateral 
margin of the anterior part of the head, in precisely the position 
where the hypothetical oar-like appendages should be attached 
provided any were present. Moreover in Tolypaspis, Cyathaspis 
and Pteraspis, there is a very conspicuous rounded incision on 
the margin of the dorsal shield that has usually been regarded as 
the site of the lateral eyes, apparently because there was no 
other interpretation for these openings at hand, and because 
otherwise the lateral eyes would appear to be absent. But, 
these incisions also occur at points corresponding to the ones 
where the oar-like appendages in Pterichthys and Bothriolepis, 
and the anterior pair of incisions in Tremataspis, are located. 
The conclusion to be drawn from these facts is that Tremataspis, 
Cyathaspis, and Pteraspis were probably provided with jointed, 
oar-like swimming appendages similar in character and location 
to those of Pterichthys and Bothriolepis. 

Moreover, and this is the important point, if Tremataspis has 
a pair of jointed, armored appendages attached to the anterior 
margin of the ventral surface, they must have been attached to 
one of the axterior pair of marginal incisions. If this is the 
case, there is no escape from the conclusion that dehznd the oar- 
like appendages there are as many more pairs of serially homol- 
ogous structures (but not necessarily similar to them in form or 
function) as there are pairs of marginal incisions. 

The assumption that Tremataspis is provided with jointed 
pectorals is strengthened by the fact that Lindstrom?’ has 
described what he considers to have been an appendage in 
Cyathaspis. He states on p. 5: “ Along with some other frag- 
ments was found, detached and broken into three pieces, what 
may be regarded as the shelly covering of an extremity or limb 
(Pl I, fig. 9-12). It is plain that it is not a fragment of the 
dersal shield nor of one of the cornua. Its exterior ridged sur- 
face is, to wit, inflected towards the interior surface along the 


‘Lindstrom, G.: On Remains of a Cyathaspis, etc.: Bihang F. K. Svenska 
Vet. Akads Handi Ba. 21, Afd. IV. No. 3. 
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lateral edges and partly covers it. In all probability the muscu- 
lar and other organs, which it has covered, were in the same way 
sheltered on both sides by similar plates. It is narrow, elongated, 
by degrees tapering and ending bluntly. The surface is of the 
same glossy lustre as the other portions of the exoskeleton and 
is covered with ridges which have a nearly parallel direction 
and continue without interruption. On the interior surface (PI. 
I, Fig. 12) which is quite smooth, are seen the polygonal parti- 
tion lines of the vacuole walls, and the openings of the minute 
canals. There is no evidence that it has consisted of more than 
one plate, nor that the supposed extremity has been covered by 
several plates, as the limbs of Pterichthys.” Lindstrém does 
not attempt to justify his conclusion that the structure in ques- 
tion is an appendage, or to indicate its point of attachment, or 
the effect such a discovery, if confirmed, must have on the classi- 
fication of the Ostracoderms. The importance of Lindstrém’s 
discovery is somewhat diminished by the fact that what he calls 


” 


an appendage is but a single plate. Hence it is uncertain 
whether it cgvered a small part only or the whole appendage, or 
whether it was part of a scale or spine paired or unpaired, belong- 
ing either to the head or trunk. 

An examination of some beautiful specimens of Pteraspis in 
the British Museum indicates that the so-called lateral eye 
openings are better explained as points for the attachment of 
oar-like appendages, and that the projecting processes sometimes 
attached to the openings should be regarded, not as a portion of 
the matrix squeezed out of the orbits, but as either the remnants 
of an appendage itself, or as the matrix that originally filled the 
base of the appendage. 

In view of the common bonds of relationship that unite the 
various groups of the Ostracoderms, and in view of the presence 
of at least one pair of jointed cephalic appendages in Bothrio- 
lepis, Pterichthys, and perhaps in Cyathaspis and Pteraspis, the 
presence of one or more appendages in Tremataspis appeared to 
be within the range of possibility. It remained to discover some 
traces of the appendages themselves. 

Thus the matter stood at the time of writing in St. Peters- 


burg, for the Imperial Academy of Sciences, my first paper on 
the Tremataspidz. 
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On my return to America, I began work anew on a few 
fragments and isolated plates that had been obtained from Herr 
A. Simonson, on my visit to the island of Oesel, and to which I 
had previously failed to give adequate attention. One fragment 
of special importance was almost concealed in the rock and its 
true nature was not at first apparent ; the other was similar to a 
plate first described by Rohon. When it became evident that 
these fragments were probably parts of appendages, it was too 
late to do more in that paper than refer to the fact that what 
appeared to be fragments of appendages of Tremataspis had 
been discovered. 

I shall now describe what I consider to be the distal portion 
of an oar like appendage attached to the head of Tremataspis. 


Fic. 1. Distal joint of cephalic appendage of I'remataspis seen from the ventral side. 10. 
Fi. 2. Same from median edge. Io. 
Fig. 3. Same from dorsal surface.  X 10. 
4. Beadings on margin. c. condyle. m. ¢. & m.é. rounded margin of polished layer. 
f. articular process. ». ridge. s. shoulder. 
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The structure, Figs. 1-3, was at first deeply imbedded in 
the matrix leaving only a small part of the dorsal surface 
exposed, from which the outer layers has been worn off, reveal- 
ing the characteristic polygonal meshwork of the middle layer. 

After exposing the entire dorsal surface of the plate by 
cautiously removing the matrix with fine needles, to insure 
against accidents in the subsequent treatment, it was photo- 
graphed and modeled in wax on a large scale. This proved to 
be a wise precaution, as the extremely brittle and fragile plate, 
in spite of the utmost precaution, was accidentally injured, in 
one of the many occasions when ‘it was being placed in position 
for examination. After the dorsal surface had been thoroughly 
studied, it was covered with hard balsam and fastened face 
downwards to a glass slide. When the remaining matrix had 
been removed and the balsam dissolved off, the completely iso- 
lated plate could be examined from any desirable point of view. 
The other plates to be described were treated in a similar 
manner. 

When seen from what I consider to be the dorsal side, Fig. 3, 
the distal joint of the appendage appears something like the 
blade of a knife. It is about 2.5 mm. wide by 7.5 mm. long 
and of a light yellowish brown color. A cross section would be 
triangular, with the thickest part on what I assume to be the 
median side, or that side which when the appendage was in place 
was nearest the body. The opposite or lateral margin, especially 
toward its posterior end, is thinned down to a rather sharp edge, 
ornamented by a series of glistening beadings or scallops. Fig. 
36. The six beadings nearest the posterior end are the most 
regular and they are readily seen from either surface. Toward 
the anterior end of the lateral margin one can distinguish five 
or six more undulations, somewhat irregular in size and best 
seen from the under surface, Fig. 1, 6. Towards its anterior 
end, the lateral margin becomes thicker and more rounded so 
that cross sections of the appendages at that point would be 
more oval in outline. The dorsal surface is rather full and 


rounded at the anterior end, flattening out posteriorly where, 
near the apex, it takes a rather sharp downward curve, Figs. 
2 and 3, as though the point were slightly bent. Near the 
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posterior end, the median dorsal margin forms a rather promi- 
nent shoulder, s, giving this portion of the appendage a charac- 
teristic contour. 

The anterior end, which slopes diagonally forward and out- 
ward, is provided with a beautifully modeled articular condyle, c. 
It is a smooth, rounded prominence, flattened dorso-ventrally, 
slightly depressed on its anterior surface, and with a well 
defined constriction around its base. Its median end is contin- 
uous with a distinct ridge that extends along the middle of the 
median surface of the appendage, Figs. 1-3, 7. 

The entire dorsal surface of the joint was covered originally 
with a polished enamel like layer, similar in color and texture to 
that on the dorsal shield of Tremataspis. But a large patch of 
this layer, on that part of the specimen that originally protruded 
from the matrix, is worn off, thus exposing the hexagonal mesh- 
work of vessels, filled with a reddish deposit, so characteristic of 
the middle layer of the shell of Tremataspis. 

The polished outer layer terminates abruptly at the anterior 
end in a rounded edge that may be followed around the project- 
ing anterior lateral angle, . On the dorsal surface, this polished 
edge presents two well defined curves, a part of the posterior one 
being destroyed. On the ventral surface, the whole of the enamel 
layer is preserved, its sharply defined anterior margin forming 
three well defined rounded incisions, Fig. 1. The resemblance 
between what is left of the anterior enameled margin on the 
dorsal side,.and the intact margin on the ventral, indicates that 
both were probably in the uninjured specimen quite similar. 

The ventral surface of the appendage is perfect in every detail. 
In contour and texture it differs somewhat from that of the dor- 
sal surface. It is slightly depressed in the middle, there are 
prominent thickenings on either margin, and the characteristic 
shoulder of the dorsal surface is absent. It is covered with 
coarse pits, the mouths of which look towards the distal end of 
the appendage as though they had at one time been occupied by 
coarse hairs directed backwards. This produces a surface texture 
quite different from the smooth surface on the dorsal side of the 
appendage. 

When we look at the appendage from the median side, Fig. 2, 
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its asymmetry is clearly seen. Unfortunately the characteristic 
texture of the median surface is not well shown in the photo- 
graph. This was due in part to the fact that the articulating 
condyle was accidentally broken off and the shiny surface of the 
cement used to repair it made it difficult to obtain good photo- 
graphs. It shows, however, with sufficient distinctness that the 
enamel layer which covers only the posterior end of the median 
surface, abruptly terminates anteriorly in a thick fold, me’. 

The remaining portion of the median surface is covered with 
a peculiar layer entirely different in texture from that on the dor- 
sal and ventral surfaces: It is much darker colored and its lus- 
treless surface, which is irregularly folded, is devoid of pores, 
except a few scattering ones of comparatively large size. It 
has the appearance of having been a tough flexible membrane 
that had become dried and wrinkled before fossilization. Nearer 
the anterior end, the conspicuous median ridge and the well 
moulded condyle indicate the presence of firmer bone-like 
tissues. 


I regard the whole structure as the distal joint of an oar-like 
swimming appendage that served the same function for Trem- 
ataspis that the “pectoral appendages” do in Bothriolepis and 
Pterichthys. That we are dealing with a projecting appendage 
of some kind and not a superficial plate is shown by the pres- 
ence of the polished outer layers of the shield on both surfaces ; 
and that it was freely movable, is shown by the prominent artic- 
ular condyle at its anterior end. 

We know with certainty that such a plate could not have 
been a mere spine attached to either the ends of the cornua, or 
to the lateral margins of the cephalic buckler back of the oral 
region, or to any part of the dorsal surface of the head, for on 
these parts, the structure of which is perfectly well known, there 
are certainly no articulating surfaces that could serve for the 
attachment of either spines or appendages of this character. 
We may also assure ourselves that it could not be a median dor- 
sal or ventral spine of the trunk, for the difference in texture 
and contour of its two surfaces proves that it was a part, or the 
whole, of a paired organ. We are, therefore, limited to the 
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assumption that it formed a part, or the whole, of a paired organ 
attached to the sides of either the trunk or to the anterior ventral 
part of the head. 

The probable mode of attachment of the joint, and its direc- 
tion of movement, is indicated by the sharp slope of its anterior 
end, the length of the process on its anterior lateral margin, 
and by the shape and condition of the condyle. These condi- 
tions indicate that the plate could not have been attached 
directly to the sides of the body, for in that case it would have 
to be directed diagonally backwards and the prominent anterior 
lateral process would prevent that range of forward and _back- 
ward movement which the shape of the condyle clearly indicates 
it did have. 

The same argument would preclude the possibility of its being 
attached directly to any of the marginal incisions in the oral 
region of the ventral surface. In a word, there is no place 
where there is any likelihood that such a structure could be 
attached directly to the body, and there is no structure known 
in the Ostracoderms with which it can be compared, if not with 
the distal joint of the pectoral appendages of Bothriolepis or 
Pterichthys. With this it corresponds fairly well except that it is 
formed of a single plate, instead of several. 

We therefore assume that the plate in question formed the 
distal joint of an appendage something like that of Bothriolepis. 
It now remains for us to find the plates that make up the armor 
of the proximal portion of the appendages. 

Basal joint: I regard the structure shown in Figs. 4 and 5 
as one of these plates. Two specimens of this plate are in the 
collections at Dartmouth College; a nearly perfect one from 
which this photograph was made, and a fragment of another. 
One or more of these plates are also in the collection of the 
Imp. Acad. of St. Petersburg. The plate is 6 mm. long and 
6 mm. wide.! It is roughly diamond shaped, but not quite 
symmetrical in outline, as the angle on the right side is higher and 
broader than that on the left. There is a corresponding differ- 


1 Rohon makes his anterior median plate considerably smaller than this, namely 
4 X 3mm. This difference I am inclined to believe is due to the fact that his 


plate was imperfect, and not entirely exposed. 
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Fic. 4. Basal plate of Cephalic appendage from dorsal surface. X 10. 

Fic. 5. Same from inner, or visceral, aspect. X 10. 
c. articular collar. e.f fold of polished layer on the ventral side. e.g’. & e.g. groove 
cut into the polished surface layer. #2. a. & m.m.2 muscle markings. 
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ence in the inner surface, showing clearly that the plate ts not 
bilaterally symmetrical. WWhat I shall call the distal portion of 
the dorsal side (Fig. 4) is strongly arched and has a very smooth, 
beautifully polished surface dotted with minute pores. It is a 
slaty gray color, becoming a dark chocolate on the left, in that 
part that was originally deeply imbedded in the matrix. The 
texture changes rapidly at the anterior end, where there is a 
broad band of coarse dimples in the polished floor of a shallow 
groove, 4. ~. In front of this groove the plate narrows to form 
a thick collar, ¢, very different in appearance from the rest of 
the plate. It is lighter colored and has a smooth, but irregular 
surface that lacks the brilliant polish and regularly distributed 
minute pores of the posterior part. It is provided with a few 
large openings irregularly distributed. The whole appearance of 
the collar suggests that it was made to fit into a nearly circular 
opening and that it was held in place there by stout ligaments 
attached to its roughened surface. 

A remarkably clear cut, semicircular groove is seen on the 
beautifully polished and rounded surface of the plate a little way 
below the band of pores, ¢. g. It is seen on all the specimens 
examined (four in all) and must have been produced during the 
lifetime of the animal by a rotatory movement of the plate that 
brought it in contact with some hard object. The meaning of 
this groove will be considered farther on. 

By the exercise of some care, the matrix was successfully 
removed from the inner surface of the plate, thus displaying a 
somewhat remarkable structure, Fig. 5. A small fragment of 
the edge of the plate was broken off in excavating the matrix, 
the outline of the missing portion being indicated by a dotted 
line. The plate is now seen to be of a uniform dark chocolate 
color and with a concave inner surface. The posterior half of 
the inner surface has a coarse rough texture different from that 
seen anywhere else in Tremataspis, but otherwise it shows no 
particular structure worthy of mention. In about the middle of 
either side, the margin is thickened and here the enamel layer of 
the outer surface extends a short distance on to the inner sur- 
iene, f. 


There are two large oblong depressions on either side (m. m.) 
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apparently made by the attachment of powerful muscles. The 
floor of each depression is irregularly ridged, and has a dull, 
almost shining, surface. At its posterior end is a still deeper 
rounded depression, m. m.,’ that probably served for the attach- 
ment of a special group of muscle fibres. The rounded depres- 
sion is considerably deeper and more clearly defined on the right 
side of the plate. 


Fic. 6. Basal plate, A, from the side, B, from the anterior end. X 10. 

The lateral margins of the collar that was seen on the outer 
surface, Fig. 4, c, extend about half way down the inner surface 
of the plate, forming a conspicuous ridge on either side of the 
muscle markings. | When seen in profile from the anterior 
end, Fig. 6, B, the collar looks like a small concave plate 
adhering to the inner surface of the larger one. The concave 
inner side of the collar is smooth and undulating, but with a dull 
surface. It is provided with several large grooves leading to 
conspicuous apertures that evidently served for the passage of 
blood vessels to the interior of the plate. These grooves are 
instructive as they indicate that, as it stands in the figure, the 
blood vessels come to the plate from its upper end. 

Rohon! has described a plate like the one we are now con- 

1Zur Kenntniss der Tremataspiden. 


Mélanges Géologiques et Palzontologiques. Aull. de Académie Imp. des 
Sciences de St. Petersbourg, T. 1.94. 
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sidering. His specimen was only partly exposed and he failed 
to see many important details. He looked on it as the anterior 
median oral plate. I have examined Rohon’s specimen and 
there is no doubt that it is identical with the one in the Dart- 
mouth collections. Rohon states, p. 188, 


“ Die fur die erste Reihe von mir angenommenen zwei vorderen Seiten- 
platten sind am Original nicht allein zerbrochen, sondern auch giinzlich 
verschoben. Als die vordere Mittelplatte vermag ich nur vermuthungsweise 
die in den Figuren 12 und 13 a,b abgebildeten und isoliert gefundenen 
Platten ansprechen. Die Platten sind durch ihre bedeutende Wélbung 
ausgezeichnet; hingegen stimmen sie der Form und mikroskopischen Struc- 
tur nach mit den ubrigen Platten vollkommen uberein. Dass jedoch die 
zwei vorderen Seitenplatten zu den nachfolgenden gehoren, dafur spricht 
sowohl ihre Lage wie ihre Beschaffenheit; sie sind ebenso an der Ober- 
flache gliinzend und flach wie die meisten der nachfolgenden, wahrend die 
in deren Niihe sichtbaren Stiicke von dem Umschlagsrande stark gewolbt 
und dinner erscheinen. Im Ubrigen betrachte ich, wie gesagt, das 
Thatsiichliche in Bezug auf die beiden vorderen Seitenplatten als etwas 
Unsicheres.” 


We must take exception to Rohon’s statement that the so-called 
median oral plate agrees completely in form and microscopic 
structure with that of the remaining oral ones. In the Dart- 
mouth specimens, the surface is very smooth and _ shining 
whereas in the cast of that specimen in St. Petersburg which 
shows nearly all the plates “in situ” the surface of the oral 
plates is broken into very delicate ripple marks similar to those 
usually seen on the dorsal and ventral surfaces of the buckler. 
Moreover, the isolated so-called median plate has rounded out- 
lines and a strongly convex surface so that it would appear quite 
out of place among the true oral plates which have nearly 
straight line contours and flat surfaces. 

The smooth surface texture of this plate may be a specific 
difference, as I have seen some specimens of Tremataspis with 
very thick, strongly arched bucklers and smooth surfaces. They 
appeared to belong to a different species from any of those 
already described. However, a small recently discovered iso- 
lated plate belonging to the oral region shows a smooth polished 
surface similar to that of our shield-shape plate, indicating that 
the surface texture of the oral plates may have been slightly 
different from that on the rest of the body. 
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Neither can I agree with Rohon’s view that the oral surface 
of the St. Petersburg specimen which shows the oral plates zx 
situ is so distorted as to force the median plate strongly to one 
side. As I have pointed out elsewhere the true anterior median 
oral plate is here almost exactly in its proper place, and it is very 
different in size and shape from the isolated one Rohon wrongly 
supposed to be a median oral plate. 

The location of this shield shape plate in Yremataspis, for 
there can be no reasonable doubt that it belongs to this genus, 
has been a great puzzle. The objections to Rohon’s view that it 
is a median plate lying just behind the mouth are overwhelming. 
It is (1) much too large. (2) It is asymmetrical and cannot be 
regarded as a median plate. (3) Its beautifully preserved struc- 
ture is totally unlike a jaw which we must assume it to be if 
placed in that position. (4) The rounded collar at its anterior 
end, the two powerful and counteracting muscles attached to its 
inner side, and the sharply cut grooves on the polished outer 
surface, that were unquestionably worn by contact with some 
other hard part, shows conclusively that this plate was attached 
by the collar on its anterior surface to some circular opening and 
that it had a wide range of rotary movement from side to side, 
an improbable movement in a plate thus located. 

The resemblance of this plate to the hypostoma of Trilobites 
in its shape, muscle markings and its probable mode of motion, 
led me at first to consider it as a preoral plate attached by its 
collar to the anterior ventral margin of the dorsal shield. But 
its asymmetry, which at first did not impress me so forcibly as it 
did later, its large size, and the lack of correspondence between 
the shape of its anterior margin and the anterior margin of the 
dorsal shield, gave little support to such an idea. If this plate 
belongs to the cephalic shield of Tremataspis, there is but one 
place remaining where it could have been attached and that is 


to the large anterior semicircular incision on the margin of the 
cephalic buckler, that is at the point where, on other grounds, 
we have reason to suppose that a pair of oar-like appendages 
were attached. Fig. 7. If we compare this plate, on this 
assumption, with the corresponding plate at the base of the 
appendage of Bothriolepis, as figured by Whiteaves, we see that 
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they are indeed somewhat similar. Both plates have a strongly 
convex outer surface, a pointed posterior extremity and an artic 
ulating anterior margin. In Figs. 7 and 8 I have reconstructed 
the appendages of Tremataspis on the assumption that the basal 
portion was covered by several plates similar to those of Bothrio- 
lepis. In these figures the basal and distal parts of this hypo- 
thetical appendage and also, as far as possible, the marginal 
incision of the cephalic shield, are drawn to the same scale. I 
have described this incision in my first paper and have shown 


Fic. 7. Reconstruction of the ventral side of the head of Tremataspis, indicating the mode 
of attachment of the cephalic appendages. X 2. 

that it lies on the down turned margin of the shield. I assume 
that the collar of the basal plate with its convex side facing 
dorsally, was attached by ligaments, or a flexible membrane, to 
the margins of the incision, the membranes or ligaments being 
long enough to allow great freedom of movement. It is not 
likely that the collar of the basal plate actually fitted into the 
incisions, for its surface is not smooth enough, and if it did there 
could hardly be the requisite freedom of movement. 
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It is clear that in the swimming movements of such an append- 
age, Fig. 8, the blade-like distal part would probably be carried 
upward and forward with the sharp cutting edge in advance, 


Fic. 8. Reconstruction of the head and trunk of Tremataspis, seen from 


above. X 2. 
thus offering the least resistance. On the return stroke, which 
impelled the animal forward, the broad under surface would be 
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in advance the whole appendage swinging backwards and down- 
wards. In performing a complete stroke, the apex of the 
appendage would describe either an ellipse or a fig. o, while at 
the beginning and end of each forward and backward stroke the 
appendage as a whole would rotate on its own long axis, through 
an angle of something like 45 degrees. These movements would 
cause the dorsal surface of the basal plate to strike, and rub 
against the folded margin of the dorsal shield, and would pro- 
duce just such a series of grooves as are shown so clearly on 
the plate. These grooves are well worth careful consideration. 

There are three grooves arranged in the are of a circle just 
back of the band of coarse pores. On the left side of the plate, 
Fig. 4, ¢. g.' the groove has a symmetrically rounded floor, is per- 
haps a fifth of a millimeter deep, and narrows at either end till 
it disappears. The anterior boundary of the groove is more 
sharply curved than the posterior. The groove on the opposite 
side of the plate is less sharply marked, shallower than the first, 
and its anterior and posterior boundaries are alike. A very nar- 
row hardly visible groove continues the lines of the first two so 
as to complete the arc of a circle, but it does not open directly 
into either of the two marginal grooves. These three grooves 
are apparently formed by friction against some hard object dur- 
ing the same movement, except that the contact seems to have 
been more forcible at the beginning and at the close of the move- 
ment. It will also be observed that these grooves do not lie on 
the most protruding fart of the surface but ina kind of recess 
between the most prominent portion and the pitted anterior 
border, Fig. 6 A. It is clear therefore that the grooves must 
have been formed by contact with some narrow projecting rim 
and not by a broad flat surface. This is in harmony with our 
supposition that the grooves were formed by the rotation of the 
basal plate of the appendage against either the ventral margin 
of the cephalic shield or against the adjacent oral plates on the 
opposite side of the opening to which we have assumed the 
appendage was attached. 

If one constructs a rough working model of an appendage 
such as I have described, it will be clear that as the appendage 
approaches the beginning or end of a stroke, it becomes more 
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and more nearly parallel with the long axis. of the head, the tend- 
ency being to draw the basal plate more and more diagonally 
across the margin of the shield, instead of straight across it as 
during the middle of the stroke. This factor and the sudden 
change in the intensity of muscular contraction at the beginning 
and end of each stroke furnish a very satisfactory explanation of 
the increased depth and width of the ends of the eroded groove. 

To return to the basal plate shown in Fig. 4. A close exam- 
ination of its convex surface shows a second belt, not shown by 
the photograph, farther back than the first where the surface 
enamel has been very slightly eroded. It extends about two 
thirds of the way across the lower portion and is coextensive 
with the line of greatest elevation of the surface. It is hard to 
see, On any supposition as to the location of the plate how this 
abrasion could have been produced by contact with any part of 
the animal’s body to which the plate was attached. I assume 
that the abrasion, if made during the lifetime of the animal, 
must have been produced by contact with the bottom over 
which the animal was moving. 


A 


Fic. 9. Distal ends of two different cephalic appendages 
of Tremataspis, seen from the dorsal surface and drawn 
to the same scale. B shows the same plate shown in 
figs. 1-3. X 10. 
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Since writing the above description of the pectoral append- 
ages of Tremataspis, a new specimen of the distal joint has come 
into my possession, Fig. 6 A. It is unquestionably of the same 
character as that shown in Fig. 3. It has the same general form 
and texture but differs from it in certain details. It is consider- 
ably smaller, measuring only 5.66 mm. in greatest length by 
1.65 mm. in greatest width. There are six or seven very prom- 
inent marginal serrations or spines. The curvature of the dorso- 
median surface indicates the presence of the peculiar shoulder 
seen in Fig. 3, but the surface is broken along the edge where 
such a shoulder should be. The smooth anterior margin of the 
shining surface layer appears to have been straight instead of 
scalloped. There is the same peculiar wrinkled and lustreless 
surface on its median side, extending not quite to the distal end. 

At the proximal end, this layer forms an irregular prominent 
surface with two or three round openings for the passage of 
blood vessels, but without any trace of an articular condyle, or 
articulating surface, such as was seen in the first specimen. 
The surface at this point is intact, showing that an articulating 
surface could not originally have been present. 

While there can be no doubt that the two structures in ques- 
tion are of the same nature, and that both belong to Tremataspis, 
the differences between them, in the above mentioned details, 
are so great that we can hardly regard them as identical. We 
are left then to the conclusions that (1) they are either homolo- 
gous structures from different species of Tremataspis, against 
which it may be urged that the surface texture is the same in 
both and like that known in 7. schmidtit only. (2) or they 
may be serialiy homologous structures from the same species. 
This conclusion harmonizes with the fact that both structures 
agree in surface texture but not in form, and with the fact that 
there is a series of marginal openings on the ventral surface 
serially homologous with the anterior ones to which the pectoral 
appendages are attached. I have already suggested that these 
openings indicated the presence of other appendages of a smaller 
size than the pectorals, although there was no evidence at that 
time available that furnished any hint as to what the character 
of these appendages might be. This fact we have always borne 
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in mind in view of the great range in structure and function 
presented by such organs in other animals whose structure is 
better known than that of Tremataspis, and also in view of the 
fact that there is often such a great range of variation in a series 
of these organs in the same animal. Nevertheless in view of the 
above named consideration and while well aware of the uncer- 
tainties involved, it seems to me we must not lose sight of the 
possibility that there may have been more than one pair of 
jointed appendages in Tremataspis, similar to those described as 
pectorals, and that the fragment in question may have belonged 
to one of these additional appendages. 


In conclusion, therefore, I believe that we are justified in the 
statement that Tremataspis is provided with a pair of oar-like 
swimming appendages similar to those of Bothriolepis and Pteri- 
chthys, and that similar appendages were probably present in 
Pteraspis, Cyathaspis and Tolypaspis. 

In Tremataspis, these appendages were probably attached to 
the largest pair of incisions on the anterior ventral margin of 


the head. Appendages attached there would agree (1) in point 
of attachment with those in Bothriolepis and Pterichthys. (2) 
they would be attached to a part of the head best fitted, so far 
the shape of the head and the location of its centre of gravity 
is concerned, to serve as the support for a pair of swimming 
appendages. (3) There is no other part of the head to which 
such appendages could be attached. (4) They could not have 
been attached to the trunk, because the trunk of Tremataspis 
must have been of relatively small size, judging from the way 
the shield tapers posteriorly, from the small opening at the 
posterior end, and from what we know of the size of the trunk 
scales and of the size of the trunk in Thyestis and other Ostra- 
coderms. It is therefore extremely improbable that large 
appendages could have been attached toa body so small that 
the centre of gravity must have been situated in the head, some 
distance in front of the anterior end of the trunk. 

That by far the greater share of the work of locomotion in the 
Ostracoderms must have been performed by the oar-like cephalic 
appendages is indicated by their anterior position and great size 
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in Bothriolepis and Pterichthys, and by the relatively small size 
of dorsal and caudal fins in the latter genus. Such a condition 
is in marked contrast to that in many of the most primitive of 
the true fishes where the pectorals are much smaller rela- 
tively, serving rather as balancers, the principal work of locomo- 
tion being performed by the tail and caudal fin. 

Among true vertebrates, the only structures suggestive of 
the cephalic appendages of the Ostracoderms are the external 
gills during their early embryonic stages, including among these 
structures the “balancers”” of Amphibian larve. The large 
size and anterior position of the latter appendages make them 
especially suggestive of the oar-like appendages of Tremataspis. 


HANOVER, N. H., 
April 19. 
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STUDIES OF LOCALIZED STAGES IN SOME 
PLANTS OF THE BOTANIC GARDENS 
OF HARVARD UNIVERSITY. 


JOSEPH A. CUSHMAN. 


In animals and plants interesting stages occur at certain parts 
throughout the life of the individual. These are expressed in 
Jackson’s law, “Throughout the life of the individual, stages 
may be found in localized parts, which are similar to stages 
found in the young, and the equivalents of which are to be 
sought in the adults of ancestral groups.” In a preceding paper 
the author has described such localized stages in some New Eng- 
land plants. In the present paper the same line of investigation 
has been extended to certain exotic plants which have been 
recently studied. Jackson showed that such localized stages 
occur in organisms at very definite areas and under definite con- 
ditions of growth. This view is corroborated by the present 
study. 

My thanks are due to Prof. G. L. Goodale and Dr. E. W. Olive 
for supervising my work, to Mr. Cameron for opportunities to 
study a great number of seedlings in the greenhouses and for the 
care of those under observation, and to Dr. Jackson for reading 
this paper and for many helpful suggestions. 

The following examples show the various 
ideas here intended to be brought out in the 
line of localized stages in development. 


Astragalus adsurgens Pall. Figs. 1-5. 


This herbaceous plant, a native of Siberia, 
shows in its early spring growth localized 
stages in development. The leaves are com- 
pound and so the differential characters are dic, alae 
more easily and definitely seen than in many Astragalus aduegens, 
plants. Seedlings (Fig. 1) were obtained — showinscotyledonse,c, 


and first and second 
beneath the adult plants which were at that _ xepionic leaves, the 
first with 3, the second 
time — April — just appearing. The cotyle- 
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dons are comparatively large, green and fleshy, with a peculiar 
one-sided appearance. The leaves are alternate, the first nep- 
ionic leaf having three leaflets, the second five. In some cases 
the third leaf had five leaflets like the second leaf and in other 
cases seven, the greater number having five. This shows as 
noted in the previous paper (Studies of Localized Stages of 
Growth in some Common New England Plants,’ Amer. 
Vol. 36, No. 431.) a difference in acceleration of development in 
individual seedlings. An interesting feature of the leaves is the 
fact, as was mentioned in the preceding paper, that the tip of the 
later leaves repeats the form of the tip of the first leaf. In look- 
ing over the figures of this plant it will be noticed that the tips 
of all the leaves do not correspond as shown especially in Fig. 4. 
This seems at first sight an exception to the principle of local- 
ized repetition, but on careful study was ‘seen to be due to the 
following growth. The first 
few leaves seem to have a 
further development after 
unfolding. At first the tip 
is as given in Figs. 2, 3, 
and 5. Then later the tip 
broadens and becomes dis- 
tally notched. This is seen 
also in the seedling, when 
the leaf unfolds the tips 
being pointed but after- 
ward becoming reéntrant 
as noted in Fig. 4. The 
first leaves of seedling and 
spring growth then are re- 
tarded even in taking on 
such a character as_ the 
shape of the tip. 


In early spring growth 
Fics. 2-5. Spring growths of Astragalus adsurgens, 

figs. 2, 3, 5 weak growths, fig. 4 stouter more vigor- the first leaves of weaker 
ee shoots are trifoliolate as in 
Figs. 2 and 3. Where this is the case the second leaf is 
usually of five leaflets. These two leaves then correspond 
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exactly with the characters seen in the seedling. In stronger 
growths, however, the first leaves have five leaflets or even more. 
The second in such cases usually have seven. 

Fig. 4 shows exceptionally well a series of stages in early 
spring growth. The first leaf has five leaflets, the second seven. 
The third leaf which is in the axil of number 1 has eleven leaf- 
lets ; the fourth, in the axil of number 2 has thirteen. Number 
5 farther up the stem has fifteen, number 6 twenty-one. Num- 
ber 7 which is not wholly unfolded shows that it will have many 
more than the leaf preceding it. The specimen represented by 
Fig. 4 was taken from one of the strongest growths found and 
does not revert to the very first condition of the leaflets found 
in seedlings or feeble growths, as that in Figs. 1, 2, and 3. In 
Fig. 4 there would naturally be a stage between leaves 2 and 3 
with nine leaflets. In the strong growths these intermediate 
steps are very apt to be skipped by acceleration of development. 
Such a stage however is found in specimens such as represented 
by Figs. 2, 3 and 5. The similarity of the early spring growths 
representing localized stages to the seedling representing direct 
development is strikingly shown in such plants as this where the 
number of leaflets may be actually counted. 


Potentilla tridentata Ait. Figs. 6-9. 


Seedlings of this plant were found in the spring about the 
adult plant and were alike in 
having the first nepionic leaf 
trifoliolate, but differed in the 
characters of the tip of suc- 
ceeding leaves. The first nep- 
ionic leaf has no distal notches 


and is almost exactly like the 


first leaf of Figs. 6 and ve Fics. 6-8. Potentilla tridentata. Figs. 6 and 7 
early spring growth. Fig. 8 typical species leaf. 


The second leaf is very varia- 
ble, it may repeat the characters of the first leaf exactly or the 
tip may be tridentate on all three leaflets or on the terminal one 
only. When the terminal leaflet is tridentate the lateral leaflets 
may be simple like leaf 2 of Figs. 6 and 7, or may have a single 
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notch as in leaf 3 of Fig. 6. The typical leaf of the adult plant 
has all three lobes tridentate at the tip — Fig. 8. 

This species in its direct development is more accelerated 
than others in the genus. Turning to Lubbock’s “Seedlings ”’ 
*92, there are figured Pofentilla fulgens Wall, Vol. 1, p. 488, 
Fig. 315 and P. repetens L., p. 487, Fig. 314, in which the first 
two nepionic leaves are simple, the third trifoliolate. In P. anser- 
tna L. and P. bifurca L. the first leaf only is simple, the second 
trifoliolate. Here then is a distinct difference in the rate of accel- 
eration, our species noted here having the first leaf trifoliolate. 

A large majority of the first leaves in spring growth show 
excellent localized stages. Usually the first 
leaf is trifoliolate with simple tips on all the 
lobes as in Figs. 6 and 7. This is exactly 
like the first nepionic leaf of the seedling. 
The most common condition for the second 
leaf of spring growth, on weak shoots espe- 
cially, is a tridentate tip on the terminal 
lobe and a simple one for the lateral lobes. 
The third leaf may take on the full specific 
characters or may have the lateral lobes 
with a single notch as in leaf number 3 of 
Fig. 6. We have then in Fig. 6 a shoot 
which repeats all the stages seen in the 
various seedlings mentioned. It is a sort 
of ideal condition, repeating all the stages 
of the seedling of the same plant, in the 
proper sequence without repetition. 
ee ee ee The stages beneath the flower or as 

Potentilla tridentata show- shown here beneath the fruit, Fig. 9, repeat 

ing localized senescence 

due to loss of strength in 1n the reverse order the stages noted in the 

Ee straight development of the seedling and in 
the localized development of the early spring growth. Above 
the highest typical leaf is one which is like the first leaf of the 
seedling and first leaf of spring growth, being a trifoliolate leaf 
with tips which are simple. After one or two leaves of this type 
the leaf drops the lateral lobes and becomes a simple unifoliolate 
leaf to the base of the highest flower cluster. This last condi- 
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tion is a simpler and therefore more reversionary character than 
any found either in the seedling or the early spring growth. 
This may be compared to what is seen in simpler species as 
figured by Lubbock, P. repetans L. and others as mentioned 
above in which the first nepionic leaf is simple although ‘dentate 
in outline. Potentilla tridentata may therefore be considered 
accelerated in development in that it has skipped the simple leaf 
stage in early development. It is an important fact that in the 
ontogeny of the individual the simplest stage found occurs not 
in the young but as a definite feature of localized senescence. 


Geum virginianum L. Figs. 10, 11. 


Of this species seedlings were not obtained, but the early 
leaves in other species as figured by Lubbock (Geum freemontit 
Hort. and G. coccineum Sibth. and Sin. Vol. 1, p. 486, fig. 313) 
are orbicular with varied dentations, more or less deeply cut. 

In early spring growth of adults the first leaves are of this 
same character. In the specimen, Fig. 10, the first three leaves 


Fics. 10-11. Geum virginianum, spring growths from the ground. 


had dropped off before it was drawn. The fourth leaf has the 
orbicular form like the seedlings as noted but begins to show a 
three-lobed character by the deeper notches on the sides. The 
fifth is deeply cut and the trilobate character much stronger. 
The next leaf number 6 is not only trilobate but has begun to 
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develop the next pair of leaflets proximally. Fig. 11 shows a 
stronger growth with the same main features. Leaf number 5 
although it has begun to develop the second pair of leaflets still 
holds to the rounded form in the terminal leaflet. The next leaf, 
number 6, however has become more split up and successive 
developments of this character are shown in numbers 7 and 8. 
The proximal part of the leaf here shows a failure to develop 
full characters as seen in the more simple leaflets toward this 
part. 

Beneath the flower there is a gradual reduction of these charac- 
ters and a return to leaves much like those of earlier growth as 
shown both in the seedling and in the early spring growth, the 
stages being in the reverse order of sequence. 


Lamium sp? (Dead Nettle). Figs. 12-18. 


In the seedlings raised, Fig. 12, the cotyledons were foliaceous, 
glabrous, petiolate; lamina oblong-reniform, deeply cordate at 
the base with a slight distal median notch; petiole nearly terete, 

slightly flattened above. The petioles become 

much elongated and grow upward for some time 
CFS with their bases nearly touching, petioles in speci- 
\ mens raised were an inch long two weeks after 
germination. The first nepionic leaves are 
opposite and at this time seem apparently sessile 


12 


Fic. 12. Seedling of 
Lamium c. c. cot- 


yledons, first two as the strength seems to be used in the length- 

nepionic leaves: ening of the first intermode; later they become 
petiolate. This is a progressive development of the proximal 
portion during growth. These first leaves have an orbicular 
form, crenate at the margin, a terminal rounded tooth and from 
two to four lateral teeth ona side. Following leaves increase 
the number of the lateral teeth and the broadest part of the leaf 
moves toward the base. 

In spring growth, Fig. 13, the first leaf was very similar to the 
first nepionic leaf figured, Fig. 12. The number of teeth was the 
same and the general orbicular form of the leaf. The second 


leaf, Fig. 14, has another tooth added and the broadest part of 
the leaf is nearer the base than in the first leaf. The remaining 
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leaves, Fig. 15-18, show the increase in the number of the teeth, 
the migration of the greatest breadth to near the base of the 
leaf, the cordate form of the base and the change in the tip as 


18 


Fics. 13-18. Progressive stages in spring growth of Lamium showing increase in number of 
notches and gradual auricled form of the base with a pointed form of the whole. Compare 
with leaf 1 of fig. 13, the nepionic leaves of fig. 12. 

weil as of the whole leaf in becoming more pointed. 

At the upper part of the flowering stalk the leaves decrease 
in the number of teeth until the highest leaves are simple and 
lanceolate, usually with a clasping base repeating in reverse 
order of sequence stages seen in the seedling and young growth 
of early spring, becoming even more simple. 


Artemisia stelleriana Bess. Fig. 19. 


Although the seedling of this species was not obtained, other 
species which have few-lobed leaves as figured by Lubbock (Vol. 
II, p. 135.) Artemista anuua L. and A. mutellina Vill. have a 
development much like what is represented 
in Fig. 19. In the early spring growth 
which is figured, the first four leaves are 
simple becoming progressively spathulate 
in succeeding leaves. The next four are 
three-lobed and after that the five-lobed 


character appears, representing the great- 19 

est complexity re ned inthe species. The ruc. io. Spring growth of 

lobes in later leaves are much separated but — 47#”#siastellerianashow- 
ing progressive stages in 

do not increase in number. reaching the typical five- 

lobed leaf. 

In weak and late growths there is a oo 


return to earlier conditions, it being true localized senescence, 


appearing late in the season at the end of the season’s growth. 
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The lobes are frequently progressively reduced to three and in 
rarer instances to the simple form shown at the base of spring 
growth. Here then where there is no flower to take the strength 
of the plant from the leaves, the diminutions of growing strength 
near the end of the season is sufficient to bring out regressive 


characters. 


Arabis albida. Figs 20-37. 


The seedlings of this plant have after the cotyledons a simple 


20 2122 


Fics. 20-24. Stages in seedling of Avaédis albida and may represent also 
the stages seen in shoots from the ground in spring growth as the two 
are so nearly identical. 
rounded-oval leaf rounded at the base, Fig. 20. The second leaf 
is broadly ovate with the widest part at about the middle, four 
slight notches making two teeth on each side, very slightly 
raised from the general outline and an auricled base, Fig. 21. 


Fics. 25-32. Stages in spring growth of Avadis albid: from stems of preceding years growth. 
These early leaves do not have the auricled base of the early growth from underground. 


The third leaf is broadest nearer the base, more pointed and 
with three teeth on each side, the base auricled, Fig. 22. The 


| 

| | 

| 

| | 

i 23 24 

| | | 

| | | 

| 

| 

30 |! 31 | 32 

i 


No. 436.] LOCALIZED STAGES IN PLANTS. 25! 


fourth leaf has a still more pointed form, the widest portion still 
nearer the base which is now deeply auricled, Fig. 23. The fifth 
leaf has still more lateral teeth, Fig. 24, and so on. 

The spring growth of this plant is of two distinct kinds. In 
one the shoots come from underground and are succulent, grow- 
ing rapidly with long internodes, in the other the growths come 
from the part of the plant above ground which survived from 
the previous year. This growth is not so rank and the inter- 
nodes are much shorter; a decided difference in the leaves of 
the two forms is noted. 

In the growth from underground the stages passed through 
may be represented by the figures of leaves of seedlings, Figs. 
20-24, the stages being exactly comparable to those of the seed- 


Fics. 33-37. Continuation of stages on same stalk as preceding series but nearing the flower, 
fig. 37 being the last leaf before reaching the flower. These all revert to the auricled base of 
the seedling. 


ling. In the growth from above ground, however, there is a 
decided deviation from this form. The earliest leaves are taper- 
ing to the petiole and with but one tooth on a side, Fig. 25. 
The second leaf has two teeth on a side but decidedly different 
from those of leaves from underground shoots. In both how- 
ever the widest portion is near the distal end. The growth con- 
tinues, Figs. 26-29, with the number of teeth increasing and 
becoming doubly serrate, Figs. 30-32. The greatest width con- 
tinues to be at the top. 

Beneath the flower however the leaf changes in its characters. 
The base becomes auricled, Fig. 33, like the leaves in the seed- 
ling and in the growth from the ground. Also the greatest 
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width moves toward the proximal end, the number of dentations 
decreases until in Fig. 36 there are but three on each side and 
in Fig. 37 there are but two, in form very much like Fig. 21, 
the second leaf of early growth from the ground. Its base is 
auricled like the seedling and early growth from the ground and 
the upper part is like the growth from old shoots. 


Poterium canadensis A. Gray. Figs. 38-41. 


Early in the spring seedlings of this plant were obtained about 
the adult. They were taken up and grown in 
pots in order to study variation in the first 
leaves. The seedling, Fig. 38, develops as 
follows: the cotyledons are broadly oval, 


38 


Fic. 38. Seedling of 
Poterium canadense 
showing cotyledons c. 
c. and first nepionic 
leaf. 

nearly orbicular, 
obtuse, deeply cor- 
date at the base, 
glabrous, sub- 
fleshy, deep green 
with petiole sub- 
terete, slightly 
channeled above. 
The first nepionic 
leaf is pinnately 
trifoliolate, leaflets 
petiolate, rotund, 
incise-serrate, lat- 
eral ones sub-cor- 


Fics. 39, 40. Early leaves of Poterium canadense. The leaflets date at base, tip 
lettered from a to fshow!localized stages in separate leaflets and 
the senescent character of the proximal portion of the leaves. 


with smaller and 
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shorter serrature than the others. Usually the lateral leaflets 
were like the terminal but in some cases were more compli- 
cated, Fig. 38, having five teeth in the lateral and three in the 
terminal leaflets. 

In early spring growth from mature plants, localized: stages 
are seen especially well-marked in weaker lateral shoots from 
the side of the clump. One such is figured, Fig. 39. The first 
leaf was like the first leaf of the seedling except that it had a 
greater number of teeth on each of the leaflets. The second 
leaf was mainly trifoliolate with a trace of the second pair of 
leaflets at a, which is noteworthy as it is like the leaflet of the 
seedling in having three teeth. The third leaf has five leaflets 
and the fourth seven. The later leaves increase the number of 
leaflets until there are as many as twenty three or even more in 
a single leaf. In the developing leaf the proximal part is the 
last formed and oftener shows characters which, being a failure 
to develop the full characters, may be compared to the young 
and considered as localized senescence, in that individual leaf. 
Similar localized reversion of the proximal part of leaves were 
shown in the previous paper mentioned (Amer. Nat, Vol. 36, No. 
361) in Tansy and here also in Geum. They are shown in 
Gymnocladus disicus by Dr. Jackson (Mem. Bost. Soc. Nat. 
Hist., Vol. 5, No. 4. “ Localized Stages in Development in Plants 
and Animals’). These proximal reversionary leaflets repeat 
various stages in the development of the typical leaflet of the 
plant as shown in leaves lettered a to f in Figs. 39 and 40. 
Leaflets in this part of the leaf may be found representing 
various steps from the tridentate character at a which is typical 
_of the first nepionic leaf to one of thirteen teeth at f comparable 
to a much later stage in seedling growth. These leaves also 
approach nearer to the earlier leaflets in having less auricled 
bases, a character which is especially noted in the seedling. 
The leaflets in the adult show an overlapping in the distal portion 
and distinct separation in the proximal. 

The stages beneath the flower are definite and easily made 
out. From a typical leaf having a great number of leaflets, in 
succeeding leaves the number becomes gradually reduced until 
at some distance below the flower leaves are found having nine 
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leaflets or fewer. In the specimen figured the reduction has 
produced at the base a leaf of seven leaflets. From this stage 
Wh the reductions following the figure, are as follows, Fig. 41. 
Wi At the base no. 1 is a leaf of seven leaflets. The lower pair of 
leaflets in this leaf is somewhat changed so that they have almost 
tl the character of stipules. This shows that the reduction should 
| be thought of as a 
failure to develop 
characters, even the 
distal half of these 
two leaflets being 
much nearer the usu- 
al form than-the prox- 
imal half. The teeth 
on the distal side are 
well developed and 
the lateral secondary 
veins show well, while 
on the proximal side 
the teeth are few and 
poorly developed and i 
the veins are not dis- H 
tinguishable. By the 
shortening of the 
proximal side by its 
weaker development, 
the whole shape of the | 
leaflet is changed and : 


Fic. 41. Flowering stalk of Poterium canadense showing greatly aborted from 
localized senescence below the flower. Breaks in the stem ° 1 f Th 
are simply to allow its being put into smaller space. Leaves its usual form. € 


| iy 1-5 enlarged to nat. size. same modification of 
qa proximal leaflets is characteristic of leaves below the flower in 
other plants. To continue with the development toward the 
flower, number 2 will be seen to have lost this third pair and the 
second pair has assumed a like abortive character. Here the 
whole proximal half is without teeth. This simple part of the 
| lowest pair of proximal leaflets has varying degrees of reduction 
in different cases. The leaf number 3 has been reduced to three 
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leaflets, the lower two of which have assumed the same abortive 
form as described. Leaf number 4 has simply the terminal leaf- 
let and that greatly reduced in number of dentations. Number 
5 has but three dentations characteristic of the terminal leaflet of 
the first nepionic leaf but the lateral proximal border expanded 
in a manner suggestive of the proximal modification of preceding 
leaves. 

These stages are exactly comparable to the stages of the 
seedling and early spring growth in number of leaflets. In this 
reduction as noted before in other plants, stages are developed 
as in numbers 4 and 5 which are simpler than any shown in the 
direct development of the seedling or in the localized develop- 
ment shown in early spring growth. This is again a case of 
repeating stages in the reverse order from that of the seedling 
and early spring growth. 


Ribes aureum Pursh. Figs. 42-45. 


This plant which is grown quite extensively as a garden shrub 
Shows excellent localized 
stages in its spring growth 
on all parts of the plant as 
well as below the flower. 
The flowering season is early 
and the very earliest leaves 
are persistent enough so that 
they are still on the plant and 
can be compared with stages 
beneath the flower. In some 
cases among the lowest shoots 
which bear flowers the series 
can be traced entire in the 
growth from one bud, from 


the simplest early leaf to the 49 
complex and back through bee 

Fics. 42-44. Spring growth of Rives aureum. 
the simple again to the flower. Fig. 42 most complicated leaf attained by the 
species. 


In early spring growth the 


simplest leaf usually found is like leaf 1 of Fig. 43, a leaf with 
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three lobes and tri-nerved. The next leaf is more decidedly tri- 
lobed but with a division into teeth. The next leaf has the lower 
lobes divided and this division becomes somewhat more marked 
in later leaves until the most complicated leaf is developed as in 
leaf 7, Fig. 42. In Fig. 44 is shown a leaf intermediate between 
leaves 1 and 2 of Fig. 43. By obtaining more specimens a more 
complete series may be secured between many of the stages. In 
Fig. 43 a significant thing is shown in the size of leaf 2. The 
first leaf grew under unfavorable conditions and its development 
in size went but a little way. The weather changed however 
and became warmer while leaf 2 was developing and its unusual 
size is the result. Next it was colder and leaves 3 and 4 felt 
the effect. This was noticeable in many cases at 
this particular time. 

Turning to the flower Fig. 45, the leaves are 
reduced as shown in the lowest leaf figured to 


leaves corresponding to Fig. 43, leaf 1. But as in 
Fic 45. Leaves the cases mentioned before, the reduction is carried 
a still farther as leaf 2 is simple in outline with no 
ices traces of the teeth or lobes of the simplest leaf of 
spring growth. This simpler form is found in a great number 
of cases in the last leaf below the flower. As in cases previously 
mentioned this stage is simpler than in its own young. 


Chrysanthemum speciosum. Figs. -46, 47. 


The seedling of this species repeats the essential steps shown 
in Fig. 47 of the spring growth, but less completely. In the 
early spring growth more stages are represented. A very weak 
growth is shown in Fig. 46. In this the first leaf was nearly 
simple having a lobe on one side only. The next leaf was three- 
lobed and the following also. The fourth was five-lobed. In a 
stronger growth, Fig. 47, the first leaf was three-toothed, the 
lobes being simply teeth and nothing more. The next three 
were simply three-lobed and the fifth and sixth instead of having 
five lobes produced a complication of the lower pair of lobes. 
These have two teeth in leaf five and in leaf six one has the 
characteristic three-toothed form. In the remaining leaves the 
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five-lobed character is shown and the lobes usually each assume 
a three-lobed character in 
which each lobe is compar- 
able to the first leaves of 
Fig. 46. 

Beneath the flower the 
plant repeats, in the reverse 
order, these stages with great 
definiteness. Beginning with 
the typical complicated leaf at 3 
the base of the flowering 1 


branch, stages are repre- 


sented gradually losing their fries, 46,47. Early spring growths of Chrysanthe- 


mum speciosum. 


characters in the reverse 
order to the development figured, until simple five-lobed leaves 
are reached, then three-lobed ones and finally beneath the flower 
are simple leaves which are even simpler than the first leaves of 
the seedling. The reduction is complete and exactly retraces 
the stages of the seedling and early spring growth as localized 
senescence. 


Artemisia abrotamum (‘ourn.) Neck. Figs. 48, 49. 


In this species of the genus before given, Fig. 19, the leaves 
become much more complex in their lobing and the plant fre- 
quently blossoms. Seedlings were raised, the first nepionic 
leaves being three-lobed, the 
next five-lobed and so on. 
In the spring growth figured, 
Figs. 48, 49, the first leaves 
are three-lobed, Fig. 48, 


leaves 1-5, Fig. 49, leaf 1. 
Fics. 48, 49. Two examples of early spring The next leaves are five- 


growth in Artemisia abrotamum showing dif- 
ferent degrees of acceleration. lobe d, I 1g. 48, leaf 6, Fk Ig. 


49, leaves 2, 3. Then comes 
a splitting up and complication of lobes until the adult leaf is 
much dissected. Below the flower the return in the reverse 


order to simple condition is perhaps as well marked as in any 
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case yet given. The return to a five-lobed leaf, then a three- 
lobed leaf, and finally to a simple leaf beneath the flower, a con- 
dition simpler than any seen in the seedling or spring growth as 
in so many other cases. This species is a good one for studying 
localized stages as the leaves are much cut up and pass through 


many, but nevertheless definite, stages. 


Bryophyllum tubiflorum Harv. Figs. 50, 51. 


This plant is known to many by its power of reproducing by 
buds from the notches of the sides of the leaf. When a leaf is 
placed on damp sand or earth a bud soon starts out from each 
of these lateral notches, and young plants result, some showing 
greater strength than others. The leaf shrivels and finally dries 
up leaving a ring of new plants. These young 
plants show localized stages comparable to the 
seedling. One of the growths from such a 
leaf bud is shown in Fig. 51. The first pair 
of leaves are entire, the second have a single 
notch on each side, the third two on a side 
and so on. This repetition of characters is 


Fics. 50-51. Giowths from 


leaf in Bryophyllum tui AS Strong as any seen in early spring growth. 

ieinaael In the study of localized stages in develop- 
ment, as also noted in the preceding paper, in the study of spring 
growth the leaves of weaker shoots seem to be better than more 
vigorous ones for study as they repeat the greatest number of 
stages and revert to more primitive characters. Not only is this 
tendency to a repetition of characters found in spring growth 
from the ground, but also from the stems of the preceding 
year’s growth and even as in the last case noted in growths from 
the leaves themselves. 

In the leaves of flowering shoots or weak terminal growths at 
the end of the season the same stages are passed through as in 
the seedling or spring growth but always in the reverse order of 
sequence. This which is considered localized senescence is 
directly comparable to senescence of the whole individual as 
shown by Prof. Hyatt in his studies of cephalopods. In several 
cases described it is shown that beneath the flower the leaves 
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are much simpler than in the seedling as shown in Pofenti//a 
tridentata, Ribes aureum Poterium canadensis and _ others. 
Such extreme reversion may be compared to the young of other 
species in the genus in which the first leaves do have more primi- 
tive simplicity. 

This life history of a plant marked by stages in the leaves can 
be made out in many, perhaps all plants where the leaves are 
compound, notched or lobed and even sometimes where the 
leaves are entire, by changes in venation and outline. 


CAMBRIDGE, MaAss. 
January. 
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NOTES ON THE REPRODUCTION OF CERTAIN 
REPTILES:! 


C. S. BRIMLEY. 


For several years I have handled a number of reptilian eggs 
in order to secure the embryos, and the following observations 
are based mainly on those collected during the past three sum- 
mers (1900, 1901 and 1902). The eggs of several species of 
snake and lizard are found in summer (from about the middle of 
May to the middle of August) by farm hands who plough them 
up, when breaking up land that has been in clover or wheat or 
some other early crop; from this it can be understood that the 
eggs are deposited at no great depth in the ground. Eggs of 
the Painted and Mud Turtles (Chrysemys picta and Kinosternon 
pensylvanicum) are often ploughed up in the low grounds. 

The eggs of the Black Snake (Aascanion constrictor) are more 
frequently found than those of any other species of snake, these 
are a short oblong in shape, often lumpy and one sided or irregu- 
lar, and covered with a thick skin with a rough surface to which 
dirt readily adheres so that the color is usually a dirty white. 
The eggs are free, not adherent to one another in clusters as is 
the case with some other species; in size they vary from about 
26 to 40 mm. in length, by 21 to 28 in width, and are found in 
lots of from 5 to 22 in number, the larger lots usually consisting 
of larger eggs than the smaller lots, from which one would natu- 
rally infer that the smaller lots of smaller eggs were probably 
laid by smaller and younger individuals, and the larger lots of 
larger eggs by larger and older specimens. 

The eggs must take at least a month to hatch, possibly much 
longer. <A lot of 13 eggs were brought in June 28, 1900, 
and four of them were kept until they hatched on July 25, 
twenty-seven days later, the young snakes emerging through a 


1 Read before the first annual meeting of the North Carolina Academy of 


Science, Nov. 29, 30, 1902. 
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longitudinal slit in the egg, sometimes there are several of these 
slits; in this lot the markings of the young snakes began to 
show on those preserved on July 6, nineteen days before hatch- 
ing. Another lot of 21 eggs of this species brought in July 11, 
1902, in which the spotted color pattern had begun to appear on 
the embryos were kept till some of them hatched on July 28, 
seventeen days later, three young snakes which hatched, 
measuring respectively 285, 300 and 303 mm. in _ length. 
Another lot, obtained in 1900, contained among others, one egg 
which, though entirely normal in external appearance, was very 
abnormal internally, inasmuch as it contained two embryos, and 
one of these was a two-headed monster. 

Occasionally an egg of this species is pyriform in shape, much 
like a killdeer’s egg, as was the case with one egg of the lot of 
thirteen mentioned previously, and with one of a lot of five 
brought in June 28, 1901. 

Another species whose eggs are sometimes brought in is the 
Spreading Adder (Heterodon platyrhinus). The eggs of this 
species are about the same size and shape as those of the Black 
Snake, but the skin of the egg is smooth and very thin, much 
thinner than in any other species of snake whose eggs I have 
handled. Like those of the Black Snake, the eggs of this 
species are free, not adherent to one another in clusters. 

A lot of 13 eggs was brought in June 23, 1900, from which 
embryos were put up from time to time, till a young Heterodon 
was hatched from the last egg on Aug. 14, fifty-two days later, 
the young snake 200 mm. in length, emerging from a longitudi- 
nal slit in the egg; the only egg in this lot measured was 39 
mm. long by 29 in breadth and oblong in shape. 

Another lot of 26 eggs was brought in June 27, 1902 (ten 
other eggs were said to have been broken when the lot was 
ploughed up) and were about 33 mm. long, a short oblong in 
shape, and were kept till a young snake 185 mm. long was 
hatched from the last egg on Aug. 5, thirty-nine days later. 

On Aug. 1, 2 and 3, 1901, a Spreading Adder in captivity 
laid sixteen eggs, similar to the two lots previously mentioned 
but whiter in color, owing to their not having been in contact 
with the soil. These eggs although only just laid, contained 
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small embryos and in this connection I may state that I never 
yet opened a snake’s egg which did not contain an embryo large 
enough to be recognized as a snake. Lizard’s eggs, however, 
not infrequently have the embryo small enough to escape notice, 
and a large majority of all turtle eggs brought in are quite fresh. 
The yolk of a snake’s egg too is whitish in color and thicker in 
consistency than the yellowish yolk of a lizard’s egg, while the 
white and yolk of turtle’s eggs resemble those of bird’s eggs very 
closely in general appearance. These remarks, however, are 
only meant to apply to the different species I have myself 
examined. 

The eggs of the King Snake (Ophzbolus getulus) are long, 
oblong in shape, with a smooth tough skin and are more or less 
adherent to one another in clusters. A lot was brought in July 
II, 1900, some of which were put up from time to time till 
three young snakes, 275 mm. long, were hatched from the last 
eggs on Aug. 14, thirty-four days later. These eggs were about 
40 to 43 mm. long by 24 to 26 wide. 

In July, 1900, a King Snake in my possession laid 17 eggs in 
confinement ; these eggs were like the foregoing lot, but smaller, 
and were also adherent in clusters. One egg of this lot con- 
tained an embryo with two heads, and two bodies, the bodies 
separate for the anterior one third of their length. 

Another lot of 10 eggs laid in confinement in July, 1901, 
were stuck together in two clusters, four in one lot and six in 
the other, and measured 31 to 35 mm. in length. 

On Aug. 17, 1901, a Striped Chicken Snake (Coluber guad- 
vivittatus) from Georgia, laid 9 eggs in confinement, two lots 
of two each were adherent, the rest free. The eggs were long 
and narrow with a tough white skin and measured 37 to 43 mm. 
long by 17 to 20 wide. 

On July 25, 1901, I found 17 eggs in a box in which I was 
keeping two species of Coluber (gattatus and qguadrivittatus); 
these eggs were much like those of the King Snake but longer 
in proportion and contained very small embryos. Nine eggs 
were stuck together in a cluster, six in another and there were 


two free eggs. 
A black Chicken Snake (Co/udber obsoletus) laid a number of 
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eggs in confinement in the summer of 1899 from which young 
snakes were finally hatched, but I am sorry to say I did not take 
any notes. <A large specimen of the western Bull Snake (/P2¢y- 
ophis sayz) also laid eggs in captivity the same summer, but I 
kept no record of these and can only say the eggs were consid- 
erably larger than those of the Coluber obsoletus and that young 
snakes finally hatched out from ten or twelve of them. I have 
no record and cannot remember certainly whether these eggs or 
those of the Chicken Snake were free or adherent, but I think 
both lots were in the latter condition. 

On July 5, 1902,a Milk Snake (Ophzbolus doliatus triangulus) 
from Michigan, in my possession, laid 15 eggs all adherent in one 
cluster; there were about 30 mm. long, with smooth, tough, 
white skin and short oblong in shape. On the same day a dead 
Green Snake (Cyclophis estivus) was brought to me, which con- 
tained in its oviducts four elongate, thin skinned eggs (20 to 22 
mm. long) which contained small embryos. 

On July 12, 1902, two lots of snake’s eggs were brought to 
me, different from any I had previously obtained. One lot con- 
sisted of two elongate, smooth, whitish eggs, 23 and 25 mm. long. 
One was put up and the other kept until Aug. 14 (thirty-three 
days later) when a young Carphophiops amenus within a day 
or two of hatching was taken from the egg. The other lot con- 
sisted of eight eggs, short, oblong in shape, just about the size 
and shape of the eggs of the lizard, Sce/oporus undulatus, but 
smooth skinned and one-sided and about 16 to 17 mm. long. 
These were kept until Aug. 8, when two young snakes 185 mm. 
long, also Carphophiops amanus were hatched from the last eggs. 
Practically all the lizards’ eggs brought in belong to two species, 
Sceloporus undulatus (the Fence Lizard) and Cremidophorus 
sexlineatus (the Sand Lizard locally known as Sand_ Trotter, 
Sand Skeeter and Sand Sister), more than an hundred eggs of 
each of these species are brought in every year, those of Scelo- 
porus predominating in the early part of the season and Cnemi- 
dophorus in the latter part. 

The eggs of Sceloporus undulatus are short, oblong in shape, 
measuring from 14 to 18 mm. long and about 10 to 13 mm. 
wide, and the skin is roughened causing dirt to readily adhere to 
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it. The embryos show the characteristic dark cross bars across 
the back, when only about half hatched. The number of eggs 
laid in one lot is from ten to fifteen. One rather curious fact in 
connection with this species and the next is that the eggs 
increase in size after obtrusion ; when first laid the eggs are rela- 
tively long and slender, but as the embryo develops the eggs 
increase in thickness if not in length. On June 28, 1902, four 
very slim and narrow eggs of this species were brought to me; I 
preserved one and kept the other three in dry earth in a corked 
bottle ; on July 23, the eggs had materially increased in size and 
a second egg was preserved, on Aug. 11 a third egg was put up ; 
on Aug. 23, the remaining egg was still unhatched, but the skin 
had become loose and flabby, on Sept. 3, the next time I looked, 
a young lizard had hatched out, 67 days after the eggs were 
brought to me (the egg, however, probably hatched a day or two 
after Aug. 23). 

The eggs of Cuemidophorus sexlineatus are similar in general 
appearance to those of S. wzdulatus, but somewhat larger (about 
17 to 22 mm. long by 11 to 14 mm. broad) with a smooth skin, 
to. which dirt does not adhere so readily as to the rough skin of 
the Sceloporus eggs, and hence they usually look much whiter. 
The markings on the embryo do not show until a week or so 
before hatching. On July 8, 1901, three small white eggs 
which from their size (9 mm. long) could only belong to the 
Ground Lizard (Lecolepisma laterale) and which contained lacer- 
tilian embryos were brought to me, and another lot of three sim- 
ilar eggs on July 2, 1902, which were said to have been found in 
a rotten stump. 

Of the Testudinata, the eggs most frequently brought in are 
those of the litthe Mud Turtle pennsylvanicumy) ; 
these are hard shelled usually rather blunt at the ends and vary- 
ing from a rather short to a rather long oblong in shape, varying 
from 23 to 29 mm. in length; the eggs are sometimes ploughed 
up, but are often said to have been found in “holes in the bank ” 
of Walnut Creek. Some of the larger eggs attributed to this 
species may be those of Aromochelys odoratus the Musk Turtle. 

In preparing the shell of an adult Avromochelys tristycha (a 
smaller species than A. odoratus or K. pensylvanicum) from 
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Texas, two hard shelled eggs were taken from the oviducts, 
Aug. 20, 1902. These eggs were about 26 mm. long and 
resemble the smaller eggs of Kinosternon. 

The eggs of the Painted Turtle (Chrysemys picta) which are 
not infrequently brought in, are larger (32 to 34 mm. long) and 
more elongate than those of the Mud Turtle, and are covered 
with a smooth, thin, crisp skin instead of a hard shell. 

The eggs of the Chicken Turtle (Detrochelys reticulata), a 
number of which were taken from the oviducts of two or three 
dead females from Georgia, in Nov., 1900, are very similar to 
those of Chrysemys, but larger, measuring from 37 to 40 mm. 


long. 


On June 9, 1901, 26 spherical white eggs about 26 or 27 mm. 
in diameter and said to have been found buried in the sand near 
a pond, were brought to me; these were said to be “turtle 
eggs’ i. e., those of Chelydra serpentina and I have no reason to 
suppose the identification was incorrect. The eggs are covered 
with a thin, crisp skin as those of the Emydoid turtles are. 

Of the viviparous snakes of the Natricine group a few of my 
observations deserve to go on record. On Aug. 2 and 3, 1894, 
a Natrix leberis gave birth in captivity to thirteen living young. 
On July 28, 1900, a Virginia elegans from Mississippi gave birth 
to five young, and in August, 1899, a Lzodytes allent from 
Florida to six. 


RALEIGH, N. C. 
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SYNOPSES OF NORTH-AMERICAN 
INVERTEBRATES. 


XVIII. THe Ampuiropa.! 
S. J. HOLMES. 


THE present key is restricted to the species of amphipod 
Crustacea of the Atlantic coast of North America. The amphi- 
pod fauna of the Pacific coast is very imperfectly known and a 
key to the forms already described would include only a small 
proportion of the numerous species of that region. The species 
from the Arctic regions of the American continent are also not 
included. Most of these are circumpolar in their distribution 
and only those are described which range into the region 
covered. The majority of the known species of eastern North 
America are, however, representatives of this circumpolar fauna 
and are found also on the northern coast of Europe and Asia. 
The amphipod fauna of Labrador is very similar to that of 
Norway, the differences naturally becoming greater as we pass 
southward along the shores of the two continents. Nevertheless 
there are not a few species common. to the Mediterranean and 
the southern coast of New England. The tendency of some 
writers to describe a species as new when met with for the first 
time in North America has therefore resulted in the production 
of many synonyms. 

While the labors of several English, German, Danish, and 
Norwegian naturalists have made the amphipod fauna of Arctic 
America fairly well known, we have almost no information con- 
cerning the Amphipoda of the southern portion of our own coast. 
The veteran American naturalist, Thomas Say, has described a 
few species from the shores of the southern states, but no 
successor has followed in his footsteps. Prof. Smith in the 
important Report upon the Invertebrate Animals of Vineyard 
Sound by Smith and Verrill made a list of the Amphipoda of 
southern New England and described several new species, and 

1 From the Zoélogical Laboratory of the University of Michigan, Ann Arbor, 
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subsequently he added considerably to our knowledge of the 
amphipods of northern New England and Labrador. Since the 
publication of Prof. Smith’s papers only a few forms have been 
made known from any portion of the eastern coast of America. 
Stimpson in his Marine Invertebrata of Grand Manan instituted 
several supposed new species, described after the fashion of 
that versatile zodlogist, with very unequal degrees of fulness ; 
some of the species are very well characterized while the 
description of others is so meagre their recognition is practically 
impossible. Many of Stimpson’s species are identical with forms 
previously described from Europe or Arctic America. 

Most of the species included in this key will be found more 
fully described and figured in a paper by the writer on the Amphi- 
poda of southern New England, which is now in course of publi- 
cation. The specimens I have secured at Wood’s Hole, Mass., 
and the collections of the U. S. National Museum, the U. S. 
Fish Commission, the Boston Society of Natural History and 
several smaller collections which were kindly sent me _ for 
examination have afforded several new species and many others 
which were heretofore not known to occur on the New England 
coast. While it may be unfortunate that a specific name at its 
first introduction to the public is unaccompanied by full descrip- 
tion and figures, such a procedure is unavoidable in a key of this 
kind and it will not be long, I trust, before more extended 
descriptions and figures of the new species here mentioned will 
appear. 

Many of the numerous families of the Gammaridea which have 
been proposed appear to me to be based upon very inadequate 
foundations, and I find it practically impossible to separate them 
all by an analytical key. As it would not be feasible to present 
the needed changes in classification in this paper, even were I 
prepared to venture upon such a task, I have disregarded the 
so-called family ties in dealing with this group and have prepared 
a key leading directly to the genera. Following previous con- 
tributors to this series of papers on North American Inverte- 
brates I. have adopted the following symbols to designate 


geographical regions. 
A. Arctic America to Cape Cod. 
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M. Cape Cod to Hatteras. 
S. Hatteras to Florida. 

The Amphipoda may be defined as malacostracous Crustacea 
with a well-defined head, no carapace, sessile and usually com- 
pound eyes, a thorax of seven segments, and an abdomen 
consisting typically of six segments anda telson. The gills are 
borne on the inner side of the basal joints of the thoracic legs. 
The first three abdominal appendages are fitted for swimming ; 
the last three pairs are very different from the preceding ones 
and are directed backward and fitted for springing. The eggs 
are carried in a marsupial pouch under the thorax of the female. 

The term perzeopod is here used to designate the thoracic legs 
behind the first two pairs, or gnathopods. 

The Amphipoda fall into three main divisions which may be 
separated as follows: 


Abdomen well developed. 
Head generally large with very large eyes. Maxillipeds without palps. 
Hyperiidea. 
Head and eyes generally not of unusual size. Maxillipeds with palps. 
Gammaridea. 
Abdomen rudimentary. First thoracic segment fused with the head. 
Amphipoda of aberrant structure. . . . . . . . Caprellidea. 


Tribe HypERUDEA. 


Head generally large and tumid with very large eyes. Maxillipeds devoid 
of palps, the basal segments fused together in the middle line. Coxal plates 
small. Last two segments of the abdomen coalesced. Uropods usually 
with laminate rami. 

The Hyperiidea are exclusively pelagic. Many species have the peculiar 
habit of living within the bodies of marine animals such as meduse, 
ctenophores and salpz. Like most pelagic organisms the species of this 
group have usually a wide range. To insure including all the species liable 
to be found off the Atlantic coast of North America would involve an 
extensive treatment of this division of the Amphipoda; only a few of the 
more common species, therefore, are here described. Full descriptions and 
figures of most of the known species of this group may be found in 
Bovallius’ excellent Monograph of the Amphipoda Hyperiidea. All the 
species here mentioned belonging to the family Hyperiidae are described 
and figured in Sars’ Crustacea of Norway. The other species in the key 
are treated of by Dr. Stebbing in the Amphipoda of the Voyage of the 
Challenger. 
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KEY TO THE SPECIES. 

A. Antenne retractile in depressions on the under side of the head. 
Head produced in front into along rostrum. Basal joints of the 
fourth and fifth pereopods thin and weak: fifth perazopods small. 

Oxycephalidz. 
Second antenne in the male five-jointed, wanting in the female. A dor- 
sal carina from the rostrum to the tip of the telson. Proximal part 
of head tumid, almost covered by the large eyes; outer margin of 
the head serrate. A lateral carina on the rostrum, thorax, and first 
three segments of the abdomen. First three abdominal segments 
with a pair of acute projections at the lateral angles, the margins 
of the upper projection finely serrate. Basal joints of the third and 
fourth pereopods broad, coarsely serrate in front and finely serrate 
on the very convex posterior margin. 
Oxycephalus claust Bovallius. M. 

AA. Antenne carried on the anterior side of the head. Head not 

attenuate in front. 

B. Head not large; eyes covering only a small part of the head ; first 
antenne with the first joint of the flagellum very large and com- 
pressed, the terminal joints minute. . « 
The species of this genus are somewhat difficult to determine 
without full descriptions and figures and the reader had best 
consult the monograph of Bovallius above referred to. Several 
species occur off the Atlantic coast of North America. 

BB. Head large and tumid, the large eyes covering a large portion 

of the surface. 

C. Eyes divided into an upper and a lower portion. No mandib- 
ular palp. Fifth pereopods normal. . . (Phronimidae). 
Head about as deep as the length of the first six segments 
of the thorax. Lateral angles of the first three abdominal 
segments acuminate. Gnathopods small simple, the carpus 
distally produced. Third pereopods enlarged and chelate 
or subchelate, the hand very variable in form and differing 
with age and sex. Often found in the tests of Salpa and 
Pyrosoma. . . . Phronima sedentaria (Forsk.) A. M. 
CC. Eyes not divided. Fifth peraeopods reduced or transformed. 
Uropods devoid of rami, the peduncles laminate (Phros- 

inidz). 
First and second gnathopods simple. First three pairs 
of pereeopods subchelate, the third very large and stout, 
the carpus very broad with the lower margin nearly 
straight and armed with 6 or 7 teeth; propodus slender, 
slightly curved, closing against the toothed edge of the 
carpus; dactyl slender, scarcely half the length of the 


propodus. . . Axchylomera blossevillii Edw. M. 
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CCC. Eyes not divided. Uropods with rami. 

XY. Inner ramus of the uropods fused with the peduncle. 
Nomandibular palp . . . . . . (Cystisomidz). 
Head large, the upper half or more covered by the 
large eyes, the lower margin dentate. First two tho- 
racic segments fused. Body with a median dorsal 
carina; posterior margins of most of the segments 
dentate. Gnathopods small, complexly subchelate, 
the margins of the carpal process and propodus acutely 
serrate. Attains a length of four inches. Transpar- 
ent. . . . . Cystisoma spinosum (Fabr.) A. M.S. 

DPD. Inner ramus of the uropods free. Head very large, 

tumid, the sides entirely covered by the large eyes. 

Flagellum of both pairs of antenne long and multi- 

articulate in the male, but short and unjointed in 

the female. Mandibles with a palp (Hyperiide). 

#. Carpal joint of both gnathopods produced distally 

as far as the tip of the propodus ._ . Hyperoche. 

Second antennz in the female much smaller than 

the first. Gnathopods almost naked. Carpus of 

the first two pereopods narrow, the posterior 

margin acute and serrate. Carpal process of both 

gnathopods_ narrowly triangular, somewhat 
exceeding the propodi, and serrulate above. 

Hyperoche tauriformis (Bate), A. 

/E. Carpal joint of both gnathopods not produced or 

not so much so as in Hyperoche. 

/. Third pereopods much elongated. Second 
and third perzopods with the carpus much 
dilated. . . .. + «= Ewuthemusto: 
Body compressed, carinated, the last two 
thoracic and first two abdominal segments 
with a posterior upturned tooth. Carpal 
joints of the first two perzeopods oblong-oval, 
widest near the middle, furnished posteriorly 
with short, unequal sete. Third perazopods 
not greatly exceeding the others. Usual 
length 12 mm. . £. compressa (Goes), A. M. 
Body carinated above, the last two thoracic 
segments with posterior recurved teeth. 
Carpus of the first pereopods most dilated 
near the base where the posterior margin is 


strongly convex. Third perzopods greatly 
elongated, the carpus very narrow, much 
longer than the propodus, and pectinated in 
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front with spines which increase in length 
toward the distal end where they may equal 
the diameter of the joint. Usual length, 
15mm... . £, dispinosa (Boeck), A. M. 
Back not carinated, with no dorsal spines. 
Carpi of first perzeopods not widest near the 
base and furnished posteriorly with elongated 
sete. Dactyl of the elongated third pere- 
opods with a tuft of spinules near the base. 
45mm... . . libellula (Mandt), A. 
FF. Last three pereopods of subequal length. 
Carpus of the first and second, perzeopods 
of the usual form. 

G. Propodi of the last three perzopods 
greatly elongated. Antenne subeqaul 
in the female. . . . Parathemisto. 
Body rounded above. Gnathopods hir- 
sute, the first not distally produced ; 
carpus of the second pair produced 
beyond the middle of the propodus. 

P. oblivia A. 

GG. Propodi of the three posterior perzeopods 

not greatly elongated. Antenne very 
small in the female. Head much 
deeper than long, flattened in front. 
Hyperia. 
Gnathopods_ sparingly _setose, the 
carpus of the first pair produced into a 
prominent lobe; carpal lobe of the 
second pair reaching beyond the middle 
of the propodus. Often found in 
Aurelia. . A. galba (Mont.), A. M. 
Gnathopods thickly setose. Carpus of 
the first pair scarcely produced distally, 
that of the second not produced nearly 
to the middle of the propodus. Often 
found in Cyanea. 
medusarum (Miill.), A. M. 


Tribe GAMMARIDEA. 


Head and eyes usually not greatly enlarged. Maxillipeds with palps, the 
basal lobes not fused together in the middle. Coxal plates generally well 
developed. Abdomen not reduced in size, the last two segments with 


rare exceptions free. 
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KEY TO THE SPECIES. 


Eyes four, sometimes apparently only two (Haploops), or rarely absent, 
each with a simple lens. Last two segments of the abdomen fused 
together. Gnathopods slender. Terminal pereopods quite different 
from the preceding ones, the basal joint enlarged and distally pro- 


duced behind into a ciliated lobe. Telson cleft. . (Ampeliscidz). 
B. Lower eyes apparently absent. Basal joint of posterior perzeopods 
not greatly expanded. Telson deeply cleft. . . . Haploops. 

C. No long dorsal sete. Basal joint of posterior perzeopods 
distally narrowed. . . . . . . H. tubicola Lillg. A. 


CC. Back with fascicles of long sete. Basal joint of posterior 
perzopods not distally narrowed. No corneal lenses. 

D. Distal lobe of the posterior pereopods reaching about 
to the middle of the merus. Antenne in the female 
subequal and much over half the length of the body. 
13 mm. H. setosa Boeck, A. 

DD. Distal lobe of the basal joint of the posterior perxo- 

pods scarcely reaching beyond the ischium. First 
antenne in the female markedly shorter than the 
second and less than half the length of the body. 


igmm . . «2 « A. 
BB. Lower eyes plainly visible. 
C. Telson elongated and cleft nearly to the base. . Ampelisca. 


PD. Postero-lateral angle of the third abdominal segment 
produced into an acuminate process. 
£. Head about as long as the first three segments of 
the thorax. Posterior perzeopods with the basal 
lobe nearly transverse below ; the carpus not strongly 
produced anteriorly. 4. macrocephala Lillg., A. M. 
Posterior perzopods with the basal lobe obliquely 
truncated below, the carpus produced anteriorly. 
Head much shorter than the first three segments 
of the thorax. 
A. eschrichti. Kroyer, A. (= A. ingens Bate). 
VD. Postero-lateral angle of the third abdominal segment 
not produced. 
E. Merus of the posterior pereopods distally produced 
posteriorly nearly to the middle of the carpus. 
Body much compressed, telson narrow. 
A. compressa sp. nov., M. 
Body not unusually compressed. Telson broad. 
A. agassizi (Judd), M. 
EE. Merus of posterior pereopods not produced 
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posteriorly, basal joint of the usual width, 
obliquely truncated below. 
A. spinipes Boeck, A. M. 
CC. Telson short, seldom cleft to the middle. 
Lower margins of the anterior coxal plates serrated. Body 
with stellate pigment cells. . . B. serrata Smith, M. 
Lower margin of the anterior coxal plates not serrated. 
B. gaimardi Kroyer, A. 
j AA. Two compound eyes, or rarely the eyes rudimentary or absent. 
B. First antenn shorter than the second. Mandibles devoid of a 
| palp. 
Terminal uropods with a single uniarticulate ramus. Telson 
short and thick. Body compressed. . . . . (Orchestiidze.). 
C. First antennz exceeding the tip of the peduncle of the second 
pair; aquaticforms. . ... . . . . . Allorchestes. 
First antenne nearly three fourths as long as the second which 
are scarcely a third the length of the body. 
A. littoralis St., A. M. 
CC. First antennz much shorter than the peduncle of the second : 
terrestrial forms. 
). First gnathopods in both sexes subchelate. . Orchestia. 
First antennz not quite reaching the tip of the penulti- 
mate segment of the second. Hand of the second 
gnathopods of the male with a notch near the posterior 
end of the palm. Carpus of the posterior perzeopods 
in the adult male much swollen. Common under 
masses of seaweed near the shore. Very active. 
O. agilis Smith, A. M. S. 
First antenne reaching slightly beyond tip of the 
penultimate joint of the second. Hand of the second 
gnathopods of the male oval, the palm regularly curved, 
with a slight prominence at the posterior end but not 
notched. Common around salt marshes. 
O. palustris Smith, A. M. S. 
DD. First gnathopods simple in the female: large species. 
Talorchestia. 
Second antenne in the male about as long as the 
body. Hand of the second gnathopods in the male 
oblong, the palm with a large lobe near the middle 
and a large prominence at the posterior end. Very 
common on sandy beaches. 
T. longicornis. (Say), A. M. 
Second gnathopods in the male about a third as long 
as the body. Hand of the second gnathopods of the 


male subovate, distally widened, the palm evenly con- 
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vex with no lobe near the middle, but defined poste- 
riorly with a prominence. Habitat similar to that of 

the preceding species. 
T. megalophthalma (White), M. 

BB. Without the combination of characters of B. 
Cc. First two pairs of peraeopods devoid of spinning glands. 

YD). Last pair of pereopods much longer than the preceding 
ones, with the dactyl very long and styliform. Eyes 
nearly contiguous above near the end of the projecting 


é. Carpus of the anterior gnathopods devoid of a 
prominent posterior lobe. . . .  Pareediceros. 


Rostrum horizontally produced and _ abruptly 
deflexed at the tip which forms only a slight 
angle inferiorly. Second gnathopods narrowly 
oval, the palm longer than the upper part of the 
posterior margin of the hand ; posterior process of 
the carpus reaching the end of the palm. Telson 
oblong, truncated atthe tip. Attains 22 mm. 
P. lynceus (Sars), A. 
EE. Carpus of the anterior perzeopods prolonged into 
a long lobe which extends behind the hand. 
Monoculodes. 
#. Eyes near the base of the deflexed rostrum. 
M. demissus St., A. 
FF. Eyes in front of the base of the rostrum. 

Second gnathopods with the carpal process 
scarcely extending beyond middle of palm ; 
palm about as long as the upper part of the 

posterior margin of the hand. 
M. edwardsi, sp. nov. M. 
Second gnathopods with the carpal process 
extending much beyond middle of palm; 
palm shorter than the upper part of the 

posterior margin of the hand. 
MW. borealis Boeck, A. 

DY. Without all the characters of D. 

F. Rostrum produced into a hood over the antenne. 
Penultimate perzeopods much longer than the last 
(Phoxocephalidz). 


pair . 
 Palp of the first maxillz two-jointed. 

Harpinia. 

Lower margins of coxal plates fringed with 

plumose sete. Eyes wanting. Infero-lateral 


angle of the third abdominal segment pro- 
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FF. 


duced into a long upturned spine. Basal 
joint of the last pereopods with about 
five more or less distinct serrations. Gnatho- 
pods of nearly equal size and of similar 
form: . (Kr) A. M. 
Palp of the first maxillz one-jointed. 
G. Second gnathopods markedly larger than 
the first. . . . . . Phoxocephalus. 
Eyes imperfectly developed. Coxal 
plates with simple marginal sete. 
Infero-lateral angle of the third abdom- 
inal segment rounded. 
P. holbolii (Kr.), A. M. 
First and second gnathopods of equal 
size. . . . . . . . Paraphoxus. 
Eyes well-developed. Basal joint of 
posterior perzeopods oval, not coarsely 
serrate. Legs spiny; merus of third 
perzopods broader than long. 
P. spinosus sp. nov. M. 


EE. Without all the characters of E. 


Body compact, with well developed coxal plates. 
Mandibles not denticulated, and furnished 
with a three-jointed palp. First antenne 
with a short, thick base and a secondary 
flagellum. Second gnathopods elongated, 
slender, flexible, with the ischium elongated 
and the hand small and furnished with dense 
patches of short seta; dactyl rudimentary 
(Lysianasside). 

G. Telsonentire. . . . . . Lysianopsis. 
First gnathopods simple. Infero-lateral 
angle of the third abdominal segment 
rounded. Color white. 

L. alba sp. nov., M. 


GG. Telson more or less deeply cleft. 
H. Infero-lateral angle of the third abdom- 
inal segment not produced. 


{ 
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/. Anterior coxal plates much less than twice as deep as their segments. 
Euryporeia. 
Eyes expanding below into two diverging lobes. Telson long, deeply 
cleft, conically tapering. Attains62mm. . Z£. gryl/us (Mandt), A. 
7, Anterior coxal plates twice as deep as their segments. 

J. Anterior gnathopods slender; carpus elongated ; propodus narrow. 
Tryphosa. 
Eyes narrowly reniform. Hand of first gnathopods tapering 

distally, palm transverse. L.7 mm. Abundant. 
T. pinguts (Boeck), A. M. 

J/. Anterior gnathopods rather stout. Carpus not elongated. 

Tryphosella. 
Eyes very large, somewhat widened below. Fourth abdominal 
segment with a deep dorsal depression behind which is an 
angular prominence. Infero-lateral angle of third abdominal 
segment nearly a right angle. Propodus of first gnathopods 
shorter than the carpus. . . . . . TZ. héringii (Boeck), A. 
HH. Infero-lateral angle of the third 
abdominal segment produced into 

an acute projection. 

Z. Telson short, not cleft to the middle. 

7. Anterior gnathopods not subchelate. . . . . . . Menigrates. 
Posterior perzopods very short, the basal joints very large, 
ovate, merus much expanded. Rami of terminal uropods naked. 

M. obtusifrons Boeck, A. 

J/. Anterior gnathopods subchelate. . . . . . . . Onesimus. 

Lateral lobes of head obtuse. Hand of anterior gnathopods 

much longer than the carpus, slightly curved ; palm nearly trans- 

verse and finely denticulated. . . . O. edwardsii (Kr.). A. 
ff. Telson cleft to beyond the middle. 

J. Infero-lateral angle of the third abdominal segment produced into 
Hand of first gnathopods distally tapering; palm transverse. 
Lateral lobes of head only slightly projecting and rounded. 
Upper part of eyes narrow. Attains 18 mm. 

cicada (Fabr.), A. M. 

J/. (nfero-lateral angle of the third abdominal segment produced into 

a large upturned tooth above which is a deep marginal sinus. 
K. Eyes imperfect or wanting. . . . . . . Centromedon. 
Lateral lobes of the head drawn out into a narrow sharp 


process. Last pair of perzopods shorter than the pre- 


ceding pair, the basal joint subquadrate and longer than 
the succeeding ones. Antennz of subequal length. L. 
C. pumilus (Lillg.), A. 


Kk. Eyes well developed. 
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Basal joints of the first antenne distally produced above ; 

secondary flagellum small. . . . . Hippomedon. 

Tooth of infero-lateral angle of the third abdominal 

segment broad, with a broadly rounded sinus above. 

Basal joint of the posterior peraeopods coarsely serrate 

behind. . % sp: nov.M. 

Basal joints of the first antenne not distally produced 

above ; secondary ftagellum well developed. 

Anonyx. 

Eyes large, elongated and expanded below. Hand of 

first gnathopods scarcely tapering distally, the palm 

transverse. Telson nearly rectangular, cleft reg to 
base. . . . . . . &. mugax (Phipps), A. 

FF. W ithout all the characters of F. 

G. Terminal uropods uniramous or wanting. 

H. Ramus of terminal uropods_ two- 

jointed. . . . . (Stenothoidz). 


j J. Mandibles witha palp. . . . . » Metopa. 


Antenne of subequal length. Cons ile very large, the fourth 
pair longer than deep. Hand of second gnathopods in the male 
with a large sinus near the posterior end of the palm, the cor- 
responding sinus in the hand of the female much smaller. 


M. Hansen, A. M. 


| Mandibles without a palp. . . « ‘Stenothe. 

‘if Length exceeding 5 mm. Carpus a first ‘ilgili nearly twice 
‘4 as long as broad, the margins parallel. . .S. peltata Smith, A 

| J/. Less than 5 mm in length. 

i Fourth pair of coxal plates neti developed and more or 

Fourth pair of coxal sis not er large for the genus, not 

ovate. Pease S. minuta sp. nov., M. 

i HH. Ramus of terminal uropods one- 

jointed. 

7. Body slender, elongated. Ramus of terminal uropods much longer 

than the peduncle. . . . - Neohela. 

Eyes well developed. Both antennz Nnieer than the body. Per- 

eopods very long and slender. . . . . . MV. phasma Smith, A. 

/I. Body depressed, moderately stout. Coxal plates small. Antenne 

shorter than the body. . . . « 


Peduncle of terminal uropods tains distally into a lobe which 
extends about to the tip of the short ramus. 


U. trrorata Say, A. M. 

HHH, Terminal  uropods wanting. 
Body slender ; coxal plates very small. 
Dulichia. 
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First antennz a little longer than the 
second and about as long as the body, 
secondary flagellum minute,three-jointed. 
Hand of second gnathopod of the male 
with a long thumb-like process above 
the middle and a spine at the end of 
the palm. . . . WD. porrecta, Bate, A. 
GG. Terminal uropods biramous. 
#H. Anterior gnathopods with the carpus 
and propodus forming a chela. 
Leucothe. 
Antenne of subequal length. 
Carpus of the large second gnatho- 
pods extending behind the hand to 
the upper end of the palm. Telson 
narrow and conically tapering. 
L. spinicarpa (Abildg.), A. 
HH. Notas in H. 

7. Carpus of the gnathopods joined in front of the proximal end of the 
Last thoracic and first two abdominal segments produced posteriorly 
into a dorsal spine. Telson cleft about to the middle. 

E. cuspidatus Kr. A. 

‘7. Carpus joined in the usual manner. 

J. Perzopods devoid of dactyls and peculiarly modified for digging. 
Haustorius. 
Three posterior pereopods dissimilar with the joints above the 
propodus much expanded. Carpus of the first two perzopods 
with a large rounded posterior lobe; propodus widened distally 

and rounded. Telson much wider than long and bilobed. 
H. arenarius (Slabber) A. M. 


J/.  Perzopods with dactyls. 
First antenne with an accessory flagellum. 
ZL. Terminal uropods flattened and projecting beyond the 
others. Gnathopods subchelate, larger in the male 
than in the female, the second pair usually larger than 


the first. Mouth parts normal. Telson small, 
flattened, cleft or emarginate. . . . (Gammaride). 


M. Inner ramus of terminal uropods scale-like, rudi- 
mentary. First antennz longer than the second. 
Melita. 
Carpus of first gnathopods as broad as long; 
hand short and stout. 
M. parvimana sp. nov., M. 


Carpus of first gnathopods much longer than 
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broad; hand narrow. Posterior margins of the 

abdominal segments produced into teeth. Ter- 
minal uropods much elongated. 

M. dentata (Kr.), A. M. 

Carpus of first gnathopods much longer than 

broad; hand narrower and shorter than the car- 

pus. Posterior margins of the abdominal seg- 
ments not produced into teeth. 

M. nitida Smith, M. 

MM. Inner ramus of terminal uropods not rudiment- 

ary, although often considerably smaller than 

the outer. 

NV. Telson only slightly emarginate. Thorax and 
abdomen dorsally carinated. . Gammarellus. 
Dorsal carina high and produced posteriorly 
on the segments along the middle of the body 
into compressed spinous processes. Tip of 
telson narrow, the cleft very small. 

G. homari (Fabr.), A. 

Dorsal carina not produced posteriorly at the 

ends of the segments. Antennz stout, sub- 

equal. Telson broad at the tip which has a 
rounded emargination. 

G. angulosa (Rathke), A. M. 

VN. Telson deeply cleft. 

O. Last three segments of the abdomen with 
fascicles of spines. 

P. Abdomen dorsally carinated. 
Carinogammarus. 
First three abdominal segments 
produced behind into acute teeth. 
C. mucronatus (Say), M. 
PP. Abdomen not dorsally carinated, the 
first three segments not produced 
behind into teeth. . Gammarus. 
Q. Inner ramus of terminal uropods 
much less than half the length 
of the outer. Eyes long and 
narrow. Infero-lateral angle of 
the third abdominal segment 

nearly right angled. 

G. marinus Leach, A. M. 
QQ. Inner ramus of terminal uropods 
over half as long as the outer. 


Fourth abdominal segment 
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with median and lateral fasci- 

cles of spines. Terminal 

uropods stout, armed with 

clusters of strong spines, the 

inner ramus reaching nearly 

to the tip of the first joint of 

the outer. Infero-lateral an- 

gle of the third abdominal 

segment produced. Very 
common. 

G. locusto (Linn.), A. M. 

Fourth abdominal segment 

with median but no lateral 

fascicles of spines. Rami of 

terminal uropods narrowly 

lanceolate, fringed with long 

hairs, the inner ramus nearly 

as long as the outer. Ante- 

rior pairs of perzopods 

fringed with long _ hairs. 

Found on the shore and 

abundantly at the surface. 

G. annulatus Smith, M. 

(= G. natator Smith). 

OO. Last three segments of the abdomen 

without fascicles of spines, although 

there may be spiniform projections 

from the posterior margins of the 

segments. 

P. Posterior margins of the abdomi- 
nal segments armed with teeth 
or spines. Gnathopods feeble. 

Melphidippa. 
First three abdominal segments 
produced posteriorly into three 
strong spines with smaller denticles 
between and below them. Legs 
very long and slender, the posterior 
pairs with the basal joints not 
expanded. Telson cleft about to 
the middle. 
M. spinosa (Goes), A. 

PP. Body smooth above. 

Q. Terminal uropods short and stout. 
Elasmopus. 
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Second antenna about as long 
as the peduncle of the first. 
The three posterior perxo- 
pods with the basal joints ex- 
panded, the merus and carpus 
expanded, especially in the 
male. ‘Terminal uropods pro- 
jecting but little beyond the 
others, the rami short and broad. 
E. levis (Smith), M. 
QQ. Terminal uropods elongated. 
Mera. 
Coxal plates small. Basal 
joints of the posterior three 
perzopods long and narrow. 
Rami of terminal uropods 
narrow, elongated, and sub- 

equal. 
WZ. dan@ (St.), A. 

LL. Not with all the characters of L. 

. Head with a prominent deflexed rostrum separated 
from the sides by a deep lateral sinus. Fourth 
coxal plates usually smaller than the preceding 
ones. Gnathopods feeble, the carpus elongated. 


Telson much elongated . . . . (Syrrhoidz). 
Eyes large and coalescent above. .  Syrrhoé. 


Rostrum perpendicularly deflexed. Poste- 
rior margins of first three abdominal seg- 
ments sharply serrated. Basal joints of the 
posterior three pairs of perzopods deeply 
serrated behind. Telson cleft nearly to the 
base. . . . crenulata Goes, A. 
AVN. Eyes round and scarcely coalescent above. 
Tiron. 
A small accessory eye below each large 
eye. Last three abdominal segments pro- 
duced posteriorly into a large median spine 
but not serrated on the posterior margin. 
T. acanthurus Lillg., A. 
MM. Notwithall the characters of M. 

4V. Body spiny; secondary flagellum minute. 
Rhachotropis. 
Last two thoracic and first four abdominal 
segments with a posterior median dorsal 


spine, the first four abdominal segments hav- 
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ing a smaller additional spine near the mid- 

dle. A lateral marginal spine on the last 

two thoracic and first three abdominal seg- 

ments. Rostrum long. Hands of a similar 

oval form. Telson cleft in its posterior 

third. . . . . &. aculeata (Lepechin), A. 
NN. Notas in N. 

QO. Terminal uropods enormously enlarged, 
the inner ramus rudimentary. Second 
uropods with the peduncle expanded into 
a lobe much larger than the quadrate, 
distally serrated rami. Body depressed. 

Chelura terebrans Phil. M. 

OO. Notas in O. 

P. Coxal plates enormously developed ; 
body tumid. No mandibular 
palp. . . . . Stegocephalus. 
Margins of the first five 
coxal plates presenting an evenly 
rounded contour. Rostrum 
prominent, deflexed, with a deep 
sinus below. Infero-posterior 
angle of the basal joint of the 
last perzopods produced and 
acute. Telson cleft beyond the 
middle, strongly tapering in distal 
half. . S. Kr., A. M. 

PP. Coxal plates of ordinary size. 
Mandibles with a palp. Last 
pair of perzeopods shorter than 
the preceding ones, the basal 
joint enormously expanded and 
fringed with plumose sete ; basal 
joints of preceding pairs narrow. 

Pontoporeia. 
Fourth abdominal segment with a 
peculiar, upturned, bifurcated 
process. . P. femorata Kr., A. 

PPP. Coxal plates rather small. Mandi- 

bles with a palp. Last three 
pairs of perzopods of similar 
form and increasing in length 
posteriorly. First few segments 
of the flagellum of the first 
antennz fused together in the 
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male. . . . . . Pardalisca. 
Third and fourth abdominal seg- 
ments with a pair of posterior 
dorsal projections ; fifth segment 
with a single median spine-like 
process. Eyes very large. 

P. abyssi Boeck, A. 

KK. First antenne with no accessory flagellum. 

LZ. Maxillipeds with the palp small and two-jointed. Para- 
sitic. Thorax broad and tumid. . . Laphystius. 
Head with a broad truncated rostrum. Eyes round. 
Fourth coxal plates pointed below. Perzopods of 
subequal length and furnished with strong curved 
dactyls. Found on several species of fish. 

L. sturionis Kr., A. M. 

LL. Not as in L. 

M.  Telson cleft. 

iV. First gnathopods rudimentary. . . . Batea. 
Anterior coxal plates large. Telson cleft 
nearly to the middle. First gnathopods 
represented only by the coxal plate and basal 
joint. A minute species found among 
hydroids. . . . B. secunda sp. nov. M. 

NN. First gnathopods not rudimentary. 

O. First three pairs of coxal plates pointed 
below. Body with a median dorsal 
crest. Head with a very prominent 
rostrum. 

?. Body with prominent tubercles on 
either side of the dorsal crest. 
Epimeria. 

Dorsal crest extending from the 

first segment of the thorax to the 
fourth segment of the abdomen. 

E. loricata Sars, A. M. 

PP. Body devoid of tubercles. Anterior 
gnathopods very slender and sub- 

chelate. Telson not deeply cleft. 
Acanthonotosoma. 

Dorsal crest on the posterior 
thoracic and first two abdominal 
segments produced posteriorly into 

spines. Postero-inferior angle of 

third abdominal segment divided 

into two prominent lobes the 
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margin of the lower of which and 
sometimes also the upper is ser- 
rated. . A.serratum (Fabr.), A. 
Dorsal crest not produced posteri- 
orly into spines. 
A. inflatum(Kr.), A. 
OO. First three pairs of coxal plates not 
pointed below. 

P. No mandibular palp. Gnathopods 
similar. Two last segments of the 
abdomen completely fused together. 

Dexamine. 

First four abdominal segments with 

a prominent pointed dorsal projec- 
tion at the posterior end. 

D. thea Boeck, A. M. 

PP. Mandibles with a palp. Body 

devoid of dorsal spinous processes. 
Gnathopods slender; hands nar- 
row. . . . . . Pontogeneia. 
Telson cleft to beyond the middle. 
Terminal uropods with flattened 
lanceolate rami of subequal length. 
Eyes large. Both antennz elon- 
gated and furnished with calceolze 
in the male. 
P. inermis (Kr.), A. M. 
MM. Telson not cleft. 
4V. Body dorsally carinated. 
O. Abdomen with tubercles or spines on 
either side of the dorsal carina. 

P. Body thickly armed with very long and 
narrow spines. . . Acanthozone. 
Thorax with five rows of long spines. 
First thoracic segment with a large 
horizontal spine projecting over the 
head. Posterior margins of abdom- 
inal segments armed with several 
spines. Telson tapering to a nar- 
row, truncated tip. 

A. cuspidata (Lepechin), A. 

PP. Body tuberculated but not armed 

with long spines. . . . . . Pleustes. 

Dorsal carina extending from first thoracic 

to fifth abdominal segment. Rostrum 
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large. Hands oval, almost alike in form. 
Sides of the abdomen tuberculated. 

P. panoplus (Kr.), A. 
OV. Body devoid of tubercles or spines except 
in the mid-dorsal line and at the infero- 
lateral angles of the abdominal seg- 

ments. Antenne long. 
Paramphithee. 
Anterior abdominal segments and a 
variable number of the posterior thor- 
acic segments produced into a large 
compressed spinous projection in the 

mid-dorsal line. 
P. pulchella (Kr.), A. 
Only the first two abdominal segments 
produced posteriorly into a_ spin- 
ous process. Telson oblong, distally 
rounded. . dicuspis (Kr.), A. M. 
AVN. Body without a prominent dorsal carina. 

O. Antenne with calceole. Last peduncular 
joint of the first antennz with a terminal 


lobe. 
?. Dorsal spines on some of the segments 
of the body. . . . . Halirages. 
Eyes large, oval. Last thoracic 


and first two abdominal segments 

with a dorsal posteriorly directed 

spine. fulvocinctus (Sars), A. 

PP. Nodorsal spines. . . Calliopius. 

First and second gnathopods 

nearly equal; hands ovate. Eyes 

large. Telson oblong, distally 
rounded. 

C. leviusculus (Kr.), A. M. 

OO. Antenne without calceole. No terminal 

lobe of the last peduncular joint of the 
first antenne. 

/?. First antennz longer than the second. 

Sympleustes. 

First three abdominal segments 

with a posterior dorsal prominence. 

Second gnathopods stout, hand 

distally widened, armed with several 

short stout spines around the pos- 

terior end of the oblique, somewhat 
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excavated palm. Perzopods short, 
stout and subequal. Telson oblong, 
distally rounded. 
S. latipes (Sars), A. 
Abdominal segments not elevated 
posteriorly. First three  coxal 
plates with a small tooth at the 
infero-posterior angle. Infero-pos- 
terior angle of the third abdominal 
segment furnished with a_ small 
tooth. Second gnathopods much 
less stout than in /afépes, the hand 
narrower. Peraopods slender. 
S. glaber (Boeck), A. 
PP. First antenne shorter than the 
second. Gnathopods small. 
Coxal plates not large. 
Apherusa. 
Infero-lateral margin of the third 
abdominal segment serrated. 
Hand of second gnathopods oval. 
A. gracilis sp. nov., M. 
Infero-lateral margin of third 
abdominal segment _ serrated. 
Eyes very large. Second gnatho- 
pods oblong, the palm oblique, the 
posterior margin nearly straight. 
Infero-lateral angle of the head 
produced into a prominent spine. 
A. megalops Sars, A. 
CC. First two pairs of pereopods with spinning glands. 
D. Terminal uropods uniramous. 

Mandibular palp one-jointed. . . Siphonecetes. 
Head with a long acute rostrum. Eye situated 
on the lateral lobe of the head which is contracted 
at the base. Second antenne longer than the 
body. Length 6 mm. 

S.cuspidatus Smith, M,. 

EE. Mandibular palp two-jointed. . . Corophium. 

Second antennz enormously developed in the 
male, the penultimate joint armed with an up- 
turned tooth at the antero-inferior angle. Second 
gnathopods simple, the merus joined along the 
entire posterior margin of the carpus and 
fringed with very long hairs. Last perzeopods 
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very much longer than the preceding pairs. 
Length 4mm... Ci cyléndricum G (Say), M. 
/-EE. Mandibular palp three-jointed. Second gnatho- 
pods of the male greatly enlarged, the carpus 
produced below the propodus with which it 
forms a sort of chela. Body depressed : coxal 
plates small. 
7’. Last two pairs of uropods uniramous. 
Cerapus. 
Ramus of last two uropods much. shorter 
than the peduncle. Telson short, bilobed. 
Lives in tubes which are carried about by the 
animal. « < Cdubularis Say, M. 
Fr. Only the terminal uropods uniramous. 
Erichthonius. 
Carpus of second gnathopods in the male 
nearly three times as long as broad across 
the middle, the lower process armed with a 
tooth near the middle; propodus about half 
as long as the carpus; dactyl much shorter 
than the propodus. Length about 4 mm. 
minax (Smith), M. 
Carpus of second gnathopods in the male 
much less than three times as long as broad 
across the middle. Propodus much over 
half the length of the carpus. Length 7 mm. 
rubricornis (St.), A. M. 
DP). Terminal uropods biramous. 
£&. Propodus of second gnathopods not subchelate. 
Ptilocheirus. 
Hand of first gnathopods widest across the 
distal end, the nearly transverse. 
Second gnathopods slender, the anterior 
margin fringed with very long plumose sete. 
L.15mm.Common. . St., A.M. 
iE. Propodus of second gnathopods chelate or sub- 
chelate. 
/. ‘Terminal uropods with short, hooked rami. 
G. First antenne with an accessory flagellum. 
ff. Hand of the second gnathopods of 
the male very large and having a 
thumb-like process arising from 
near the base of the lower side. 
Coxal plates small. . . . Jassa. 
Hand of second gnathopods of the 
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male oblong, longer than the rest of 
the appendage; thumb long; a 
tooth at lower end of the palm. 
First two pereopods with the 
merus much widened and produced 
at the antero-distal angle into a 
large rounded lobe. 
J. marmorata sp. nov., A. M. 
///7. Hand of the second gnathopods of 
the male not as in Jassa. 


Antenne rather stout, densely setiferous posteriorly; flagella with few 


Second gnathopods in the male with a long, slender, basal joint ; 
hand long, narrow, curved, of nearly the same width throughout, the 
concave posterior margin thickly setose and terminating inferiorly in 
a stout tooth. Attainstomm.. . . . . /anguipes Kr., A. M. 
Antenne slender, with multiarticulate flagella. . . . . . Grubia. 
Coxal plates large. First antennz as long as the body, the slender 
flagellum nearly three times as long as the peduncle; secondary 
flagellum small, not longer than the first two joints of the primary 
one. Gnathopods in the male elongated and fringed with long 
plumose hairs. Length 13mm. . . . . G.compta (Smith), M. 
GG. First antenne devoid of a secondary 
flagellum. . . . . . Amphithe. 
Second antenne subpediform ; flagel- 
lum often shorter than the last joint of 
the peduncle. Anterior gnathopods 
with the hand short and stout. Length 
imm. . A.rubricata (Mont.), A.M. 
=A. manculata St.and A. valida Smith). 
Second antennze with the flagellum 
generally longer than the last joint of 
the peduncle. First gnathopods with 
the carpus and hand narrow and very 
much elongated; palm short, 
transverse; dactyl when closed pro- 
jecting far beyond the end of the palm. 
Length g mm. Common. Color vari- 
able. . . A. longimana Smith, M. 
FF. Terminal uropods with narrow rami devoid of 

terminal hooks. 

G. Second gnathopods much larger than the 
first. First antenna with no accessory 
flagellum. . . . . . Podoceropsis. 
Antenne subequal. First gnathopods 
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with the hand narrowly oval, a little 
shorter and narrower than the carpus; 
dactyl long, closing against nearly the 


entire posterior margin of the hand. 
Hand of the second gnathopods stout ; 


palm excavated. 


P. nitida (St.) A. M. 
(= Xenoclea megacheir Smith). 


GG. First gnathopods much larger than 
the second. First antennz with 
an accessory flagellum. 

Hf, Second gnathopods in the male 


complexly subchelate. Micro- 
deutopus. First gnathopods 
of the male with the carpus 
very stout, the inferior lobe 
armed with three or four stout 
teeth ; propodus about half as 
long as the carpus, the lower 
margin furnished with two 
blunt teeth. 
M. gryllotalpa Costa. A. M. 
First gnathopods in the male 
with the carpus elongated, the 
inferior lobe narrowly triangu- 
lar, acute, with a small tooth 
near the base of the outer mar- 
gin; propodus with a_ low 
prominence along the distal 
portion of the lower margin. 
M. danmonensis (Bate), A. M. 
Second gnathopods of the males 
simply subchelate. Autonee. 
First gnathopods of the 
male stout; hand_ broadly 
subovate. Hand of second 
gnathopods a little longer 
than broad, shorter than the 
carpus. Last pair of perzo- 
pods much longer than the 
preceding ones. Length 7 
mm. 4. smithi sp. nov., M. 
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Tribe Caprellidea. 


Head fused with the first segment of the thorax. Abdomen rudimentary. 
Second gnathopods larger than the first. Usually gills are present only on 
the third and fourth segments of the thorax. Anterior pairs of pereopods 
usually wanting. No pleopods. Uropods rudimentary or wanting. 

The Caprellidea comprise two families, the Caprellida and the Cyamide, 
or whale lice. 


Family Caprellide. 


Body elongated, cylindrical. First thoracic segment separated from the 
head by a dorsal depression. Antenne elongated, the first generally 
much longer than the second. Posterior peropods prehensile. 


KEY TO THE SPECIES. 


A. Mandibles with a palp. . €ginella. 
Second gnathopods of the male demas the hand produced into a 
tooth in front of the dactyl; a tooth at the upper end of the palm; a 
narrow tooth below the middle of the palm which is separated from 
a broad prominence below by a narrow sinus. Second antenne 
scarcely half the length of the first pair. 4. dongicornis (Kr.), A. M. 
The typical form of this species has the body smooth. In the 
variety spinossissima (d-gina spinossissima Stimpson) the body is 


thickly armed with slender spines. Intermediate forms occur which 
connect the two varieties. 
AA. Mandibles devoid ofapalp. . .... . Caprelia. 


B. Body smooth or nearly so. 
C. Body with short and thick segments. Head with a horizon- 
tally directed spine. . . . . . C. geometrica Say, M. 
CC. Segments of the body more or less elongated. Head devoid 
of a horizontally directed spine. 
D. Second gnathopods of the male with the basal joint 
short (very much shorter than the hand). 
Second gnathopods of the male joined nearly at the 
posterior end of the segment. A ventral spine 
between the bases of the second gnathopods. Two 
first segments of the thorax much elongated in the 
adult male. . . . . . . C. equilibra Say, A. M. 
Second gnathopods of the male joined not so far back 
although sometimes situated behind the middle of the 
segment. No ventral spine between the gnathopods. 
C. septentrionalis Kr., A 
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DD. Second gnathopods of the male with the basal joint 


elongated and narrow. Last thoracic segments 
sometimes with small dorsal elevations. Body 
slender, « « (inn), A; 


BB. Body tuberculated or spiny. 
Body stout, armed above with large pointed tubercles which 
in some specimens may become obsolescent. Antenne short 
and stout. Second gnathopods of the male with short and 
broad basal joint; hand ovate or suboval, armed with a large 
tooth at upper end of the palm, a narrow tooth below the mid- 


dle separated by a narrow sinus from a prominence below. 
C. stimpsoni Bate (C. robusta St.), A. 
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